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The distinguishing feature of this vessel, and the one that has 
made her an object of special interest from her design to the 
completion of the official contract trial, is the application of three 
screws for propulsion. This radical departure from usual de- 
signs calls for more than a passing notice, and I shall therefore 
introduce the detailed description of the vessel by a brief con- 
sideration of the subject of multiple screws. 

It would doubtless be of considerable interest, at least histori- 
cally, to trace exhaustively the use of multiple screws from the 
first application, but this would demand facilities in the way of 
technical libraries and leisure which have not been at my com- 
mand. It may be remarked, however, that during our late Civil 
War (1861-1865) a class of very shallow-draught vessels, known 
as “tin-clads,” was built for service on the Mississippi, and these 
were fitted with four screws. Here the raison d’étre of the 
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2 PROTECTED CRUISER COLUMBIA. 


adequate propelling surface in a single screw wholly immersed. 
Twin screws were used in some of the larger monitors, those 
with double turrets, during the same period, and doubtless partly 
for the reason already stated and for increased facility in man- 
ceuvring. The obvious advantage of twin screws for manceuv- 
ring purposes led to their general adoption for large war vessels, 
even during the transition period from sail to steam, when the 
attempt was made to have full sail as well as steam power, and 
in recent years they have been generally fitted, even in vessels 
as small as 800 tons, and in torpedo boats of all sizes. 

About 1874 the Russian circular monitors, known as Popoff- 
kas (after the inventor, Admiral Popoff) were built, having six 
screws. The first two of these vessels, the Novgorod and the 
Admiral Popoff, were respectively 101 feet and 121 feet in diam- 
eter, with draughts of 13 feet 2 inches and 13 feet, and displace- 
ments of 2,490 and 3,550 tons. The nominal horse power of the 
engines was 480 and 640. The Novgorod made a speed of 8.5 
knots on 2,270 I.H.P.,a very poor result compared with the per- 
formance of vessels of ordinary form. The descriptions of this 
type of vessel which have come under my notice are confined to 
the hull design, so that I am not able to state the reasons for the 
six screws. It would appear, however, that, of the three screws 
on each side of the fore-and-aft diameter, the central one was of 
greater diameter than the others, and in fact extended below the 
flat bottom, so that it was not to be used in shallow water. 
Probably the large number of screws, the outer ones coming to 
within a third of the radius from the sides, was to secure some 
approach to decent steering, and it may be that the large screws 
only were to be used for cruising at low speeds in deep water. 
If this surmise is correct, we have the germ of one of the objects 
of the modern triple screws. 

The “ Scientific American” supplement for January 15, 1876, p. 
44, gives an account, with illustrations, of a steam canal boat called 
the Wagtail, fitted with four screws, which had been used in Eng- 
land with satisfactory results. The object in this case is distinctly 
stated to be the securing of adequate propelling area on a very 
limited draught of water, 2 feet g inches. The boat was in reality 
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a box, as the cross section for about two-thirds the length was ab- 
solutely square, while the bow and stern were formed by cutting 
off the corners of the parallelopiped. No data are given of the 
performance, which in any case could not be expected to be of 
much service to us. 

In 1880 the Russian Imperial yacht Zivadia was built with 
three screws. The immersed portion of this vessel has been 
called “ turbot shaped,” and it seems to be a modification of the 
Popoffkas. The dimensions were 246 feet long, 153 feet beam, 
7 feet mean draught; displacement, 4,400 tons. On trial a speed 
of 15.77 knots was secured with 12,354 I.H.P. This also is a 
very poor performance, as our Baltimore, Philadelphia or San 
Francisco would exceed 20 knots with that power. It might 
seem at first thought that the triple screws were used in this case 
on account of shallow draught, but the screws fitted had a diam- 
eter of about 16 feet, the shafts being lowered so that they came 
just above the inner skin. The probability is that three screws 
were used partly for facility in manoeuvring, and partly because, 
with the low piston speeds and steam pressures at that time, twin 
screws would have caused the engines to be inconveniently large. 
The Zivadia was a failure, so that there are no data as to the suc- 
cess of the triple screws apart from the trial trip. 

We now come to more recent dates, and to the application of 
triple screws to hulls of very good design. An excellent résumé 
of the French experiments with triple screws was given by Chief 
Engineer C. W. Rae, U. S. Navy, in the Naval Intelligence An- 
nual for 1889, and is here reproduced: 


TRIPLE SCREWS. 


“In 1884 and 1885 the French Government conducted a series 
of trials with a steam launch called the Carpe, built for the pur- 
pose and fitted with three screws. 

“In 1886 M. Marchal read a paper before the Institution of 
Naval Architects based upon the results of the Carpe’s perform- 
ances, from which we abstract the following: 

“* The object of increasing the number of propellers is to ob- 
tain certain fighting qualities, but not to realize an increased effi- 
ciency.’ 
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“The principal object was to decide which of two arrange- 
ments of the lateral screws gave the better result, especially as 
regards mutual interference; one position, in the same transverse 
plane as the central screw and the other situated more in ad- 
vance, the shafts being also brought closer together, so as to 
avoid all projection of the propellers beyond the lines of the 
hull. 

“The experiments were divided into series, according to the 
positions of the lateral screws. 

“The first series comprised all those trials in which the ex- 
treme screws were in the same transverse plane as the central 
screw. 

“In this series the following propellers were tried success- 
ively : 

“ Three screws of 44 cm. diameter, the ratio of pitch to diam- 
eter being 1.25. 

“Three screws of the same diameter, the ratio of pitch to 
diameter being 1.55. 

“Two large screws mounted on the lateral shafts, having, like 
the first, the number 1.25 as ratio of pitch to diameter, but hav- 
ing a diameter of 54 cm., so that the sum of the areas of the sur- 
face described by the extremities of their blades equaled the 
three corresponding areas of the smaller screws. For the sake 
of simplicity, we will say that the propulsive surface was the same 
in each case. 

“ Finally, the small lateral screws were put back by themselves, 
and the first group of experiments tried over again, the two 
pitches being tested turn about. This last formed a series com- 
plementary to the first. 

“*Contrary to what might have been expected, the greatest 
pitch, although its ratio to diameter was very high, turned out 
to be the most favorable to speed. This result was due to the 
fact that the screws mutually influenced each other at high 
speeds in consequence of their proximity, and this influence, 
which was scarcely peceptible at about 500 revolutions, was very 
marked with the screws of small pitch when driven at about 150 
revolutions more than the above number. The proof of this was 
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forthcoming when the central screw was suppressed in the ex- 
periments complementary to the first series. In this case the 
propellers were more completely independent, and the screw of 
smaller pitch had the advantage. It was also ascertained that 
with this pitch an increase of speed was gained when the central 
screw was suppressed. Further experiment confirmed this re- 
sult. 

“*On the other hand, the best of the two sets of three screws 
above mentioned hardly attained the efficiency of the two large 
screws. This fact ought to occasion no surprise, for the substi- 
tution of the double for the triple system of screws only implied 
that a propulsive surface, equal in the two cases, was in the latter 
instance more completely separated from the hull.’ 

“The intermediary series of experiments consisted of trials 
with three screws, so arranged that the lateral propellers were 
mounted in advance of their supports, and 33 cm. in front of the 
position assigned the central one. 

“*The propellers being then at a greater distance from one 
another, the effect of an exaggerated speed of rotation made it- 
self less felt,as indeed might have been expected, and the advan- 
tage remained with the screws of small pitch. 

“Tt may then be concluded that, whenever the independence 
of the propellers is sufficiently provided for, the pitch whose ra- 
tio to diameter is 1.25, should be preferred to a more rapid one, 
as well for systems of three as of two screws.’ 

“In the second series of experiments the lateral shafts were 
brought nearer together by 65 mm., while still remaining 33cm. 
in advance of the central screw, so that they were completely 
covered by the exterior contour of the hull. The supports of 
the shafts were then placed in front of the screws in the usual 
way. 

“«The results differ but little from those obtained in the inter- 
mediate series. However, in analyzing the results, it is to be re- 
marked that at low speeds the latter position is less advantageous, 
which tends to prove that in this case it is the injurious effect 
of the proximity of the hull which affects the result. At high 
speed, on the contrary, the latter arrangement proved to be supe- 
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rior, which result must be attributed to the better relative posi- 
tion of the supports. It is easy to understand that this influence 
predominates at high speed, since the resistances to progression 
increase at a much more rapid rate than the speed. 

““Tf we reflect that rudders have much less influence when 
placed before the screw than when behind it, it will be under- 
stood that a body in the neighborhood of the screw is especially 
prejudicial when it acts as an obstacle to the water which the 
latter projects.’ 

“M. Marchal then describes an experiment he made with a 
small screw revolving in air, and its effect upon the flame of a 
lighted candle when held at different points within its influence. 

“He found that ‘the screw draws air from all points situated 
in front of a transverse plane passing through the extremity of 
its blades, and even from a little behind this plane. It then pro- 
jects this air in a truncated cone, or, more correctly, a sort of 
truncated pear, the small base of which is a circle equal to the 
diameter of the screw, the generating line being inclined at the 
outside at an angle of 30 degrees at the start. Properly speak- 
ing, the surface generated by this line is a zone of unstable equi- 
librium, within which the flame is repelled, and on the outside 
of which the tendency to attraction is made manifest.’ 

“Tt is important to remark that in this case the screw turns in 
a fixed position, and if we had to do with a vessel in motion the 
truncated cone would be drawn out so as to approach the shape 
of acylinder. I had the opportunity of verifying this induction 
in a voyage in the tropics during nights when the sea was phos- 
phorescent. The mass of water.thrown back by the screw ap- 
peared to be inclosed in a cylinder of the same diameter as the 
propeller, and had the appearance of a sort of luminous spiral 
fagot, which I could not better describe than by comparing it to 
a cable of very slow pitch which continually untwisted itself in 
proportion as its length increased. 

“*From this observation it results that a bracket placed in front 
of the screw allows the fluid to reach the latter from a multitude 
of points, while if placed behind it intercepts a slice of a trun- 
cated cone proportional to its own section. 
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“«The facts also show why there is an object in putting the 
screws solely behind the vessel, and not simultaneously in front 
and behind. 

* * * * * * * 

“*Tn short, one may conclude from this experiment that if the 
three screws interfere with each other at great speeds, when they 
are placed in the same transverse plane, it is not because they 
send water to each other in consequence of the phenomenon 
designated by the name dispersion, but because they dispute 
with each other for the possession of the water which they draw 
upon.’ 

“M. Marchal sums up the result of the experiments as fol- 
lows : 

“*With vessels of the form of the Carfe three screws are, from 
the point of view of speed, very nearly equivalent to two screws 
of the same propulsive surface, and immersed to the same depth, 
when the most favorable position is chosen for each system. 

“ «Twin screws, when under the above-mentioned conditions of 
surface and immersion, occupy in all cases positions which are 
disadvantageous in their relation to the requirements of war, and 
which are difficult of access in roadsteads and ports. On the 
other hand, it is possible to find for three screws positions which 
are without inconvenience from the point of view both of fighting 
and navigation. 

“*In short, a circumstance which is most interesting in the 
case of three propellers is, that of all the positions that have 
been tested those which are best sheltered by the hull are also 
those most favorable to speed. 

“*TIn a word, for a vessel of similar form to the Carpe, the best 
plan appears to be to employ a system of three screws placed 
like those in the second series of experiments, and having a ratio 
of pitch to diameter differing in little from that ordinarily in use 
for vessels having single or twin screws.’ ” 

Since these experiments were concluded the French have built 
the Dupuy de Lome, a triple-screw cruiser of 6,300 tons, whose 
trials were interrupted by an accident to the boilers. Up to the 
occurrence of the accident the tests were very satisfactory. The 
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French are also building the Masséna, an ironclad of 11,700 tons, 
which is to have triple screws. 

About the time of the Carpe experiments the 7rzpoli was built 
for the Italian Navy by Armstrong, Mitchell & Co., her keel be- 
ing laid in 1887. She is a torpedo cruiser of about 800 tons. 
In 1887 a series of trials was conducted by Mr. F. C. Marshall 
with one, two and three screws, the results of which are given in 
the following table: 


TABLE SHOWING RESULTS OF TRIALS MADE WITH ONE, TWO AND THREE 
SCREWS IN THE ROYAL ITALIAN TORPEDO CRUISER 7R/POL/. 


| 
Mean revo- 
Number _ Diameter of | Pitch. Surface. lutions per rn 
screws used. screw. (mean.) 
Ft. in. Ft. in. Sq. ft. 
I 7-15 356 1,030 
2 5 I 6 1} 6.52 383 2,076 
3 7.57 297 3,016 
Speed (mean). Slip. | Draught (mean). Displacement. 
Per cent. Tons. 
14.55 32.00 9 770 
18.33 18.6 10 23 802 
19.8 5-25 | Io 54 831 


Length of vessel, 230 feet; breadth, 26 feet. 


In speaking of the above trials Mr. F. C. Marshall says: 

“ They are, perhaps, not strictly comparable, as, owing to local 
circumstances, they were each made with somewhat different 
screws ; the trials of one and two propellers being made with the 
same screws, only slightly reduced in diameter for the two-screw 
trial, while the three-screw trial was made with propellers of 
larger diameter and greater pitch; and, moreover, as we have 
not corresponding records of the powers required to drive the 
vessel the same speed with all three screws, we cannot estimate 
precisely the propulsive efficiency of one or two screws as com- 
pared with the three screws, but it is interesting to note that the 
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efficiency of the single screw is by no means so small as might 
have been supposed, considering its small size.” 

The last sentence of Mr. Marshall hardly gives a fair idea of 
the efficiency of the single screw. Making allowance for the 
difference in displacements, and even assuming that the ratio of 
horse power would vary as the fourth power of the ratio of 
speeds, the I.H.P. at the lower speed is not greatly in excess of 
that by calculation. 

Had the speed been lower and more appropriate to the size of 
a single screw, the showing would have been still better. 

There are two other triple-screw vessels in the Italian Navy, 
the Montebello and Monzambano, sisters of the 7ripoli, and built 
shortly afterwards. 

The Kaiserin Augusta of the German Navy is the only triple- 
screw vessel of large size whose trials had been completed before 
those of the Columbia. Her displacement on trial was 5,000 
tons, and with 12,616 I.H.P. a speed of 20.86 knots was secured. 
This trial occurred September 29, 1892. Her dimensions are 
388 feet, by 51 feet 2 inches, by 21 feet 7 inches; load displace- 
ment, 6,500 tons; I.H.P., 13,500; revolutions, 120. The cylin- 
ders are 33.47, 65.15 and 86.61 inches diameter by 37.40 inches 
stroke. There are eight double-end and one single-end boiler, 
having an aggregate of 1,100 square feet of grate and 33,000 
square feet of heating surface. The three screws all have the 
same diameter, about 14 feet 9 inches, and the pitch of the outer 
screws is 22 feet 4 inches, while that of the center screw is 21 
feet 4 inches. The projection of the screws on an athwartship 
plane shows their axes to lie in the same horizontal plane, the 
disc circle of the center one slightly overlapping those of the 
outer ones. The axes of the outer screws are about 26 feet 
apart. The center screw is 18 feet abaft the side screws. 

Before the vessel was tried it had been anticipated that the 
center screw would revolve more rapidly than the side screws, 
but this did not prove to be the case, the central screw making 
about five or six revolutions per minute fewer than the side 
screws. 

The Columbia, then known officially as Cruiser No. 12, and 
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popularly as the Pirate, was designed in 1890. Triple screws 
were adopted on the recommendation of Engineer-in-Chief Mel- 
ville. The reasons leading to their adoption were given on p. 
410 of vol. II of this JourRNAL, as follows: 

“The special advantages of triple screws are smaller size of 
separate parts of the machinery, enabling higher rotative speeds 
to be employed with safety, and greater economy in ordinary 
cruising, when one engine working up to about its natural draft 
full power will give a fair cruising speed with economy of fuel. 
It is far from economical to run large twin-screw engines, de- 
signed for 19 knots and upwards, at speeds of g and 10 knots. 
Engine friction alone forms such a large percentage of the power 
developed, to say nothing of the increased cylinder condensation 
due to slower rotative speeds, that the economic performance, as 
measured by coal per I.H.P.,is very low. The slip of the single 
screw will, of course, be enormously greater; but it was shown 
years ago by Chief Engineer Isherwood’s Mare Island screw ex- 
periments that a very large increase of slip may be attended with 
a very small reduction in total propelling efficiency.” 

To these may be added that, as the designed horse power was 
in excess of that developed by any of our other vessels, and as 
no shafts had at that time been constructed in this country to 
transmit one-half that power, it was an additional advantage that 
triple screws would keep the stress on each shaft down to little 
over 7,000 I.H.P. It is also an incidental advantage that the 
chances of total disablement are reduced. 

Having thus glanced at the history of multiple screws, we may 
now proceed with the detailed description of the Columbia. 

The Columbia was designed by the Navy Department and 
built by the Wm. Cramp & Sons Ship and Engine Building Com- 
pany of Philadelphia. The contract price for hull and machin- 
ery was $2,725,000, and it was stipulated that a speed of 21 knots 
should be maintained for four consecutive hours in the open sea, 
with an air pressure of one inch of water in the fire rooms. By 
the contract, the builders were to be paid a premium of $50,000 
for each quarter knot the ship made over 21 knots, and for each 
quarter knot the speed fell short of 21 knots a penalty of $50,000 
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was to be exacted by the Government. The contract also pro- 
vided that all material used in the construction of the hull and 
machinery should be of domestic manufacture. 

As the vessel is a commerce destroyer, she closely resembles 
in appearance a merchant steamer. She has two pole masts 
without military tops, and four smoke pipes. She has a large 
coal capacity, and it is estimated that she can steam upwards of 
12,000 knots at 10 knots per hour. 

The hull is built of open-hearth mild steel and is shaped to 
give high speed, the lines being very fine. A much larger space 
than is usual in a war vessel is given up to the machinery, but, 
owing, however, to the reduced armament, ample space remains 
for quartering the officers and crew. 

The accompanying illustrations give an excellent idea of the 
general appearance of the ship and of the internal arrangement, 
and of one of the propelling engines. 

The photograph of the ship shows her as she was crossing 
the line and entering on the great race against time. It is from 
a copyrighted photograph by Mr. Wm. H. Rau, of Philadelphia, 
who has given permission for its reproduction here. 

The picture of one of the main engines was taken just prior to 
dismantling it in the shop. On the left will be noticed a part of 
one of the other engines. 

The Columbia is the longest vessel in the Navy. The original 
design called for a ship 400 feet in length, but it was modified, 
and three additional frames, A, B and C, were inserted between 
frames 53 and 54, as shown on the accompanying plates. The 
midship section, which is at frame B, cuts the after end of the 
third pair of main boilers. Bilge keels extend from frame 35 to 
frame 71. Each pair of main boilers and each main engine is in 
a separate water-tight compartment, fitted with water-tight doors, 
which in the fire rooms open into air locks. The boiler and en- 
gine compartments extend from frame 32 to frame 82. Under 
the protective deck forward of the boiler compartments is an 
athwartship coal bunker, over which is the dynamo room. For- 
ward of these are store rooms, and forward of the store rooms is 
one of the magazines and one of the shell rooms, above which is 
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the ammunition-passing room; forward of these are the chain 
lockers and hold, and then the bread room, and lastly, in the 
bow, is the trimming tank. Under the protective deck, abaft the 
center engine room, is the shaft alley and engineers’ store rooms, 
above which are other magazines and shell rooms with a passing 
room over them, and also the steering room, in which are the 
steering engine and gear, and rooms for hospital and ward room 
mess stores. Tanks and store rooms are fitted in the engine 
rooms against the sides of the ship, and coal bunkers abreast the 
fire rooms below the protective deck. On the protective deck 
forward are rooms for sails and awnings, ship’s stores and war- 
rant officers’ mess stores. On this deck over the fire rooms are 
the boiler uptakes, ventilators, evaporator room, two auxiliary 
fire rooms, coal bunkers and rooms for ship-ventilating fans. 
Over the engine rooms are coal bunkers and the engine hatches, 
and against the ship’s sides from frame 6 to frame 98 extend the 
cofferdams, and a passageway to give communication from aft for- 
ward past the engines and boilers. Abaft the engine rooms on 
this deck is the workshop, within which are the two quarter tor- 
pedo tubes, and abaft these are rooms for paymasters’ and offi- 
cers’ mess stores, while at the stern is the stern torpedo tube and 
the spare tiller room, within which is the spare tiller for use with 
tackles in case of failure of the regular steering gear. On the 
berth deck, which may be considered a part of the protective 
deck, forward is situated the store room for dry provisions, the 
two bow torpedo tubes, part of the living space for the crew, and 
and at the bow the sick bay. 

The gun deck may be called the living deck, as it contains all 
of the quarters for the officers and men except the state rooms 
and offices of the executive officer and navigator and the small 
portion of the above-mentioned crew’s space. Part of the ship's 
battery is on this deck. The captain’s quarters, consisting of a 
cabin, two state rooms, pantry and office, are at the stern and are 
finished in mahogany. Forward of these are the quarters of the 
ward-room officers, consisting of a dining room (running across 
the ship and extending from frame 76 to frame 80) and forward 
and aft of the dining room two countries, into the after one of 
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which open six state rooms and into the other ten, making alto- 
gether, with the two rooms on the deck above, accommodations 
for eighteen ward-room officers. Off the forward country, which 
extends as far forward as the forward engine rooms, are the bath 
rooms, with tubs and shower rooms, and the pantry for the ward 
room, and in it are the two large engine hatches. 

The auxiliary boiler rooms, smoke pipes, hatches, ventilators 
and firemen’s wash rooms extend along the center of this deck 
over the main fire rooms; and along the sides of the deck, from 
frame 63 to frame 45, extend on the starboard side the three state 
rooms of the’junior officers, their dining room, store room, pan- 
try and lavatory, and the machinists’ lavatory ; on the port side 
the two state rooms and pantry of the warrant officers, the pay- 
master’s office, the engineer's log room, the officers’ closets and 
the machinists’ rooms. On the forward part of this deck are the 
lamp room, crew’s closets and wash room, the prison and the 
steam windlass. The remainder of this deck is devoted to living 
space for the crew. The ends of the upper deck are clear for use 
of the larger guns. 

Within the superstructure are the rooms and offices for two 
officers, the armory, the hatches, ventilators, galleys, ice machine, 
cold storage room, etc. Forward on the bridge deck is the pilot 
house, under which is the conning tower and armored tube. The 
winches, boats, and part of the steering wheels are also on this 
deck ; while down the center extend the smoke pipes, ventilators 
and hatches. 

The ship is well ventilated and well lighted both by day and 
at night. The living quarters are large and airy, and fitted with 
many improvements and conveniences. The quarters of all offi- 
cers except the captain are finished in ash. 


ARMAMENT. 


The Columbia is armed with two 6-inch 40-caliber rifles 
mounted forward; one 8-inch 40-caliber rifle mounted aft for 
stern fire; eight 4-inch R. F. guns in 4-inch sponsons on the gun 
deck ; eight 6-pounder R. F. guns in 2-inch sponsons on the gun 
deck; four 6-pounder R. F. guns on the upper deck. In addi- 
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tion, there are four 0.45-caliber Gatling guns and four 1-pounder 
R. F. guns. There are five torpedo tubes, one on each bow, one 
on each quarter, and one discharging astern. 

There is a 5-inch conning tower, with a 3-inch tube for com- 
munication. The protective deck extends the entire length of 
the ship and is made up of two courses of 14-inch nickel steel, 
and on the slopes over the engine rooms it is increased by an 
additional course 14-inch thick, making the thickness of those 
parts 4 inches and for the remainder of the deck 2} inches. 


HULL. 


Length between perpendiculars, feet and GII-7} 
Length over all (including rudder), feet and inches. 414-10: 
Beam, extreme, feet and inches., ......... 58-2} 
Depth of hold from top of main-deck beams to top of floors, feet and inches..... 37-3 
Draught forward, sea-going trim, feet and inches...... 24-O 
Draught mean, sea-going trim, feet and inches... ...... 24-O 
Depth of keel below skin, feet and inches. siaseicimeinn ae 
Displacement, sea-going trim (load draught), tons sosnee sce 8,050 
Area of immersed midship section, sea-going trim, square feet..............00-.2e. 1,212 
Center of gravity of L.W.L. plane aft of midship section (frame No. B), feet 


Center of buoyancy above bottom of keel, feet and inches......... 
Center of buoyancy aft of midship section, feet and inches... 2-34 
Center of gravity above bottom of keel, feet and inches... 21-9} 
Transverse metacenter above center of buoyancy, feet and inches... ......... 260. 10-7 
Longitudinal metacenter above center of buoyancy, feet......... 455 
Distance from center of gravity to transverse metacenter, feet and inches....... 2-10} 
Distance from center of gravity to longitudinal metacenter, feet and inches... 430-33 
Wetted surface (estimated), square feet. 
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bottom angles...... 4 X 3 X 12 lbs. 

Non-water-tight lightening holes entire length of keel. 
Inner bottom, extends from frame 24 forward to frame 89 aft, a distance of 280 feet. 
Water-tight compartments extend across the ship between third longitudinals. 
Cofferdam, extends the entire length of vessel on protective deck. 
height, feet and inches. 
weight of cellulose to fill, ve 


MAIN ENGINES. 


There are three vertical, inverted, direct-acting, three-cylinder, 
triple-expansion engines, placed each in a separate water-tight 
compartment. The engines working the port and starboard pro- 
pellers are abreast each other and forward of the center engine. 
The H.P. cylinders of the former are aft, and the H.P. cylinder 
of the center engine is forward. The I.P.and L.P. cylinders are 
steam-jacketed on the sides and bottom. There are for each en- 
gine two receivers, consisting of exhaust pipes and valve chests, 
the safety valves of which are set atg5 and 25 pounds. The cylin- 
ders are supported by three cast-steel inverted Y-frames on one side 
and by six wrought-steel columns on the other, the whole being 
securely fastened by tie rods. Each engine has one high-pressure 
two intermediate-pressure, and four low-pressure, single-ported 
piston valves. There are four double-bar Stephenson links. The 
cut-off for each link is independent of the others and momen- 
tarily adjustable by means of hand screw gear fitted to slots in 
the arms of the reversing shaft which runs the link in or out. 
The shafts and working parts generally are forged of mild open- 
hearth steel. The engine bed plates are each formed of three 
steel castings bolted together. 

The reversing gear may be worked either by steam or hand. 
It consists of a vertical steam cylinder hinged to the engine bed 
plate, of an oil (non-controlling) cylinder placed above the steam 
cylinder, and of a hand pump secured to the bed plate on the 
opposite side of the engine. The diameters of the steam and 
oil cylinders are 16 and 8 inches, respectively, and the common 
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stroke is 22 inches, the two pistons being on one rod. In case 
of accident to the steam gear, the hand pump may be used to 
force oil into either end of the oil cylinder. Motion is transmit- 
ted from the piston rod to an arm of the reversing shaft. 

There is a pair of simple vertical turning engines, with cylin- 
ders 8 inches diameter by 6 inches stroke, secured to the bed 
plate of the main engine between the I. P. and L. P. engine 
frames. On the shaft of the turning engine there is a worm, and 
opposite it on the couplings of the propelling shaft a worm 
wheel; there is also a short pivoted shaft, having a worm 
wheel on one end and a worm on the other, which may at will 
be made to engage the worm and worm wheel on the two crank 
shafts. These engines can readily, though slowly, turn the pro- 
pelling engines with steam of 60 pounds pressure, and may be 
readily connected and disconnected. 

The eccentric straps are made of composition, and, like the 
crank-shaft brasses and caps, are lined with Parson’s white brass. 

Attached to the main steam pipe at each engine is a steam 
separator, having a division plate extending part way to the bot- 
tom; and between the separator and the H. P. valve chest are 
a disc stop valve, having a balance piston, and a butterfly 
throttle. 

The main steam pipes are lap-welded steel tubes, with hy- 
draulic-machine turned flanges. There are valves in the two 
main steam pipes which may be operated from above the pro- 
tective deck. 

High up in the center engine room is placed a 40-gallon oil 
tank, from which distributing pipes lead to the various engines. 
A small Blake duplex pump draws from the main oil tanks and 
delivers through a strainer into the distributing tank. 


Stroke of all pistons... 42 
Diameter of I.P. valves (two for each cylinder), inches..,..,,..... "23 


Diameter of L.P. valves (four for each cylinder), inches.. .........0 21 
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I1.P. cylinder, square inches.. 201.46 
Area of steam ports for maximum opening... I.P. cylinder, square inches... 301. 
L.P. cylinder, square inches... 519. 
H.P cylinder, square inches,, 207.21 
Area of exhaust ports for maximum opening. I.P. cylinder, square inches... 385. 
L.P. cylinder, square inches... 767. 
Area of main steam pipe to engine (20 inches diameter), square inches...... 314.16 
Area of each of two main exhaust pipes (224 inches diameter), square inches.. 397.61 
Volume swept by H.P. piston per stroke, mean, cubic feet...... 33-04 


| Volume swept by I.P. piston per stroke, mean, cubic feet........:.000seeeseeresee 65.82 
} Volume swept by L.P. piston per stroke, mean, cubic feet....., .cccrses eresesee, 160.94 
Ratio of net area of H.P. to I.P. pistons 1.99 
Ratio of net area of I.P. to L.P. pistons....... a 
Ratio of net area of H.P. to L.P. pistons............. 
Diameter of piston rods, inches, ... 8 


Length of piston rods from piston to 
Length of connecting rods, from center to center, 


p Diameter of upper end of connecting rods, inches shane 8 

Diameter of lower ends of connecting rods, inches. 103 
Thickness, sides and faces, of connecting rods, inches....... 8 
Diameter of crosshead bolts (4), inches. 3% 
Diameter of crank-pin bolts (2), 4g 
Crosshead surface, ahead gear, 24<26 inches, square 624 


Shafting and Bearings.— All of the shafting is hollow and made 
of steel. Each crank shaft is made in three interchangeable and 
reversible sections, and to accomplish this the H. P. eccentrics 
are fitted on other shafts. For the starboard and port engines, 

Z with the EB. P. cylinder forward, a single-collar shaft, 163 inches 
long, is used, and for the center engine, with the #. P. cylinder Z 
aft, the eccentrics are carried by the forward line shaft, which is 
3 feet in length. The shafting for both the port and starboard 
‘ engines is made up of the short extension shaft, the three sec- 
>’ tions of crank shaft, one line shaft, one thrust shaft, one stern 
shaft, and one propeller shaft. For the center engine the shaft- 
ing comprises the three sections of crank shaft, one short line 
shaft, one thrust shaft, one long line shaft, and one propeller 
shaft. Provision is made for allowing the idle propellers (or 
propeller) to revolve, when only one (or two) of the engines are 
being used, by disconnecting the couplings next forward of the 
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thrust bearings. The bolts in these couplings are tapered and 
those in all of the other couplings are straight. A friction 
brake or clamp is fitted to each line of shafting abaft the discon- 
necting coupling for the purpose of keeping the shafting from 
revolving when the ship is under weigh and it is desired to 
couple the shafting. The forward end of the stern shaft of each 
side engine, and of the propeller shaft of the center engine, is 
tapered and fitted twenty inches into a socket formed on the 
after end of the next forward section of the shafting, and a longi- 
tudinal key fitted along the tapered surfaces. The straight part 
of the shaft adjacent to the taper is threaded and the nut there- 
on is secured to the end of the socket by tap bolts. The object 
of these socket couplings is, of course, to permit the withdrawal 
outward of the shafts from the stern tubes. The rudder post 
has a hole formed in it, and the forward edge of the rudder is 
recessed, so that when the rudder is put hard over the center 
propeller shaft may be removed. The hole in the rudder post 
is covered by a short hollow cylinder which extends to within 
one inch of the cap of the propeller-hub nut. The couplings of 
the stern and propeller shafts of the side engines, outside of the 
ship, are covered by water-tight, fair-water casings. The stern 
and propeller shafts are cased with brass in the stern tubes 
and bearings. The axial holes of all shafting are 74 inches 
in diameter, except at the outer ends of the propeller shafts, 
where the hole is tapered from 74 to 44 inches at the propeller, 
and remains the latter size throughout the length of the nut; and 
at the tapered ends of those shafts which are fitted to the 
socket couplings, where the hole is tapered from 7} to 6 inches 
in diameter. The axis of the center shaft is parallel to the 
base line, while the plane through the axes of the side shafts 
rises from the engines, making an angle of 1°12’ with the base 
line. The angle between the axes of the side shafts is 4°46’, 
making the inclination of each side shaft about twice as great 
outward as upward. Thethrust bearings are of the collar-thrust 
style, lined with white metal. A bearing is fitted at each end 
of the pedestal to support the weight of the shaft, so that the col- 
lars bear only on the thrust surfaces, and an oil trough is made 
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of the bottom of the pedestal, and stuffing boxes fitted around q 
3 the shaft to retain the oil. The cranks of each engine are set : 
120° apart, and in going ahead the sequence is H.P., I.P., L.P. 
The crank-shaft bearings have no top brasses, their places be- 
ing filled by the caps, which are lined with white metal. 
Portand starboard. Center. 
Diameter of extension shaft, inches......... 16 
Lengths of extension shaft, inches. ...... 
Diameter of crank shaft, inches ......... . 16 16 
Length of each section of crank shaft, feet and inches... 9-74 9-74 
Diameter of crank pine, 17 17 
Diameter of hole in crank pins, inches.......... 83 83 
Number of crank-shaft bearings........... 6 6 
Total length of crank-shaft bearings (one engine), inches.. 81 81 
Width of crank webs, 18 18 
Thickness of crank webs, inches. soe 10} 10} 
J Diameter of eccentric seatings, inches...... 17 17 
Diameter of flanges of crank shafts and connecting flanges, 
Diameter of all other shaft flanges, inches....... 31 31 
Thickness of flanges of all shafting, inches...... cececceee ove 38 38 
Number of coupling bolts of all shafting, one flange...... 6 6 
Diameter of straight coupling bolts, inches.......0 sess 34 34 
Diameters of coupling bolts forward end of thrust shaft, 
Diameter of line shaft, inches.......++ 153 
Length of line shaft, feet and inches. ......... ...+0+ 10-3 
Diameter of forward line shaft, inches............... eveveseee 16 
Length of forward line shaft, feet........... .. 3 
Diameter of thrust shaft, inches........ 152 15¢ 
Length of thrust shaft, feet and inches........ 19-93 29-2} 
Diameter of thrust collars, inches oe 23} 23} 
Actual thrust surface (one shaft), square inches....,,...... 2,527 2,527 
Thickness of thrust collars, 2 2 
Width of space between thrust collars, inches..........000 3% 3¢ 
Diameter of after line shaft, inches . 15% 
Length of after line shaft, feet and inches....... ....cs000 «0 18-4 
Diameter, outside, of socket coupling, inches......... sees 304 30 
Diameter, inside, at bottom of taper, inches...,....... +++ 144 144 
Thickness of screw collar on shaft at socket — 
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Port and Starboard. Center. 


Diameter of collar bolts, inches soeeee 23 2} 
Diameter of stern shaft, inches.......0+ 153 

Diameter of propeller shaft, inches. ...... 16 16 
Length of stern shaft, feet and inches ......... 35-1 

Length of propeller shaft, feet and inches. ++ 38-103 34-7 
Diameter of shaft at propeller nut, inches..............000+. II II 
Depth of propeller nut, inches.....,...... II Ir 
Size of propeller keys, inches. 4X33 24 X4X 33 
Length of shafting over all, feet and inches.............006. 132-6 113-1} 
Length of casing in stern tube, feet and inches....... peceee 25-11} 23-10} 
Length of bearings in stern tube, ft. and ins., weg Forward. “ie tec 


Length of bracket bearings, feet and inches.......... 5-2} 


Main Condensers.—There are three main condensers, one in 
each engine room, made of cast composition and bolted to- 
gether in five sections. Each condenser has at either end a 
nozzle for the attachment of one of the two main exhaust pipes. 
The tubes are horizontal and the circulating water passes through 
them. 


Diameter of shell, inside, feet and inches ......... 6-7 
Thickness of shell, inch... 
Length of tubes exposed, feet and inches........+ II-Io 


Ratio of cooling surface of three condensers to heating surface of eight 
Ratio of surface of three to heating surface of ten 


Main Air Pumps—There are three main air pumps of the well- 
known Blake vertical twin type, similar in all respects to those 
of the Mew York, of which an illustration is given at page 622 
of the JourNAL for 1893. Each pump has two single-acting 
water pistons driven by a pair of overhead steam cylinders. 
The pump rods and piston rods are secured to cross-heads, 
which are connected by swinging links to a working beam, 
from which the valve motion is actuated. These pumps have 


| 
| 
| 
| 
| 
< 
5 


PROTECTED CRUISER COLUMBIA. 2I 


been run as slowly as eight double strokes per minute, and have 
given eminent satisfaction at all speeds. 


Diameter of piston rods, inches........ ......00 3 
Number of foot valves, each pump cylinder........ 1D 
Number of bucket valves, each pump cylinder ......... 15 
Number of delivery valves, each pump cylinder.. ......... 18 
Area of openings in each valve seat, square inches.... sosees-oee scoveee 13 
Ratio of volume swept by L.P. piston, per stroke, to that ~ twos air- pump 


Main Circulating Pumps.—There are two centrifugal circulat- 
ing pumps for each main condenser, driven by two vertical steam 
engines which stand between the pumps. The pumps are ar- 
ranged to draw from the sea, from the main drainage pipe, and 
from the bilge of their own engine rooms, and are capable of dis- 
charging 6,750 gallons per minute. The sea and bilge injection 
valves are fitted with a self-locking arrangement which renders 
it impossible to have them both opened at once. The valves in 
the discharge pipe are so arranged that the bilge water is passed 
directly overboard instead of through the condenser. 


Screw Propellers —The propellers are of the modified Griffith 
design, with three adjustable blades, and are made of manganese 
bronze. They are true screws when the blades are set at 20 
feet 6 inches pitch. The pitch is variable between 19 feet 6 
inches and 21 feet 6 inches. The blades are bent back about 
15} degrees from the vertical. The hubs are spherical and have 
conical tail pieces for the port and starboard propellers and 
a flat cap for the center one. The port propeller is left-handed 
and the other two right-handed. 
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Port and Starboard. Center. 


Diameter of hub, inches... cee 594 593 
of end piece, inches co cose. 16. 10} 
Pitch, as set on trial, feet and inches......... ...0- sesces sees 21-6 21-6 
Helicoidal area for one propeiler, square feet...... ......++ 53-7 53-28 
Projected area for one propeller, square feet............ 0. 41.25 40.2 
Disc area for one propeller, square feet...... ...001 seseeeesees 176.715 153-938 
Ratio of pitch to diameter 1.433 1.55 
Distance of center of hub above bottom of keel, feet and 
Immersion of center of hub at 24 pase rangi feet ind 
Ratio of disc area of to area immers- 
ed midship section... seers 0.419 
} Distance between centers of hubs of side gonpeliens, feet 
Distance, eden’ on a transverse plane, of ovation of 
hubs of side propellers above center of hub of L4 
center propeller, feet and inches ......000 see 3-3 


Distance, projected on a transverse plane, from center 

of hub of either side propeller to center of hub of 

center propeller, feet and see 13-0} 
Distance, projected on a longitudinal plane, of centers 

of hubs of side propellers forward of center of hub 

of center propeller, feet and inches...... 13-8 3 


BOILERS. 


There are eight double-ended main and two single-ended aux- 
iliary steel boilers of the horizontal fire-tube type. Each main 
boiler has eight, and each auxiliary boiler two corrugated fur- 
naces. The main boilers are fitted fore-and-aft in pairs, in four 

water-tight compartments, and there are eight main fire rooms. 
The auxiliary boilers, which form part of the forced draft sys- 
tem, are located above the protective deck and stand athwart- 
ship between the branches of the uptakes from the ends of the 
main boilers; they are in two separate fire rooms, which are 
directly over the two after pairs of main boilers. 

The shell of each main boiler is made up of three courses of 
three plates each; the circumferential seams are lapped and 
treble riveted, and the longitudinal seams have double butt straps 
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and are treble riveted, with every alternate rivet omitted in the 
outside row. The shell of each auxiliary boiler is in a single 
course, which is lapped and double riveted to the heads, the. 
top sheets of which are curved to a radius of 2 feet 2} inches. 
The heads of the main boilers are in three sections and those of 
the auxiliary boilers in two. The furnaces are fitted with Cone’s 
patent cast-iron rocking grate bars, which may be easily renewed 
while in use. 

There are four main smoke pipes, 7 feet 8 inches in diameter, 
one for each pair of main boilers. The auxiliary smoke pipes, 
2 feet 4 inches in diameter, are run up inside of the two after 
main smoke pipes. 

The main boiler stop valves and safety valves can be operated 
from the berth deck. There is a 4-inch quadruple safety valve 
on each main boiler, and a 3-inch double safety valve on each 
auxiliary boiler. There is also one sentinel valve of 4% inch 
diameter, of weight and lever pattern, on each boiler. The tops 
of the main boilers are two feet below the mean load line. The 
water in the boilers may be kept in circulation while raising 
steam by the use of Weir’s hydrokineters, and also with the 
auxiliary feed pumps. 

SIX MAIN BOILERS. 
Outside diameter of tubes, inches ............ .. 


Spacing of tubes horizontally, inches...... 


‘Thickness of ordinary tubes, No. 12, B.W. G., 


Depths of combustion chambers, inches.. and 255%, 


Width of combustion chambers, feet and inches. .........+ cesses O-1OG 
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Thickness of tube sheets, front and back, inch............ 
Number and diameter of through braces above tubes, inches...... be ip nora a 
TO) 25. 
Number and diameter of braces to back tube sheet, (16) inches........ssse00 ssesesses 2 


Number and diameter of braces around manholes, (17) inches............000-.cesseee I} 
Tube heating surface, one boiler, square cesses 4,701.40 


Plate heating surface, in furnaces, square feet ......00. 295.42 
Plate heating surface, in combustion chambers, square feet...........06-..00. 583.00 
Total heating surface, square feet...... ‘ 5,579.82 
Ratio of grate surface to heating surface ........... I to 33.213 
Number of grate bars, one furnace .............. 
Area through tubes, square feet....... 26.82 
Area over bridge walls, eight, square feet...........0 16.37 
Volume of furnaces and combustion chambers above grates, cubic feet........_ 567.93 
Steam room, water six inches above tubes, cubic feet ......... ...cee cececesseeevees 830.875. 
Water surface, water six inches above tubes, square 240.82 
Area of three smoke pipes, net, square feet ...... 
Height of smoke pipe above lowest grates, feet and 
Number and diameter of safety valves, in one case, inches (4) ...... 4 
Diameter of main-boiler stop valves, inches...... ...... 


TWO MAIN BOILERS. 


Diameter, outside, feet and inches........... 5 15-3. 
Number of furnaces......... 8 
Outside diameter of tubes, inches..,.......... 2} 
Length of tubes between sheets, inches....... 
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Number of stay tubes... 288 
Thickness of stay tubes, No. 6, B. W. G., inch........ 0.203 
Total number of tubes in one boiler ........... 

Depth of combustion chambers, inches........ see 
Width of combustion chambers, feet and inches........ .. 6-73 


Thickness of tube sheets, front and back, inch ...... 
Diameter of rivets in shell seams, inches...... ........ 


Number and diameter of through braces above tubes, inches ..... (£0) 29 


Number and diameter of braces to back tube sheet, inches......... 
I 


Number and diameter of braces around manholes, inches 


Tube heating surface, one boiler, square feet...... 4,104.15 
Plate heating surface, in furnaces, square feet........... 
Plate heating surface, in combustion chambers, square feet 495.04 


Ratio of grate surface to heating surface.......2. I to 29.135 
Leagth of gaate: bers, fect amd 


Number of grate bars, one furnace,,....... 7 
Area over bridge walls (8), “feet 16.37 


Volume of furnaces and combustion chambers above paren cubic feet......... 549-05 
Steam room, water six inches above tubes, cubic feet 633 96 
Water surface, water six inches above tubes, square feet...... Le 
Diameters of smoke pipe, feet and 7-8 
Area of smoke pipe, two boilers, square feet 46.164 
Height of smoke pipe above lowest grates, feet and inches...... 72-6 
Number and diameter of safety valves in one case (4), INCHES. ...... 4 
Diameter of main boiler stop valves, inches......... .. 
Diameter of auxiliary stop valves, inches...... 


5 


TWO AUXILIARY BOILERS. 
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Length of tubes between sheets, feet and inches. .......00 
Number of stay tubes...... 
Thickness of ordinary tubes, No. 12, B.W.G., inch... O.10Q 
Thickness of stay tubes, No. 6, B.W.G., inch........ 0.203 
Depths of combustion chambers, inches... ...... 23} and 243 
‘Width of combustion chambers, feet and inches........ ...... 4-1} 
3 
Thickness of tube sheets, front and back, inch. 
Thickness of combustion chamber plates, inch. ............ cee 


Diameter of screw stays, inches... 
Number and diameter of through braces above hin, inches....... emcee O 


Number and diameter of braces to back tube sheet, inches............. 


Number and diameter of braces around lower manhole, inches.,....... { (T)msseoee HG 


Tube-heating surface, one boiler, square feet.. 824.67 


Plate-heating surface in furnaces, square feet........ 55-40 
Plate-heating surface in combustion chambers, feet 96.25 


Length of grate bars, feet...... 
Volume of furnaces and combustion above fect 94.66 


Steam room, water six inches above tubes, cubic feet. ...... 114.02 
‘Water surface, water six inches above tubes, square feet...... 72.19 
Diameters of smoke pipes, feet and inches... 2h 


Height of smoke pipe above grates, feet and 54-10 
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Number and diameter of safety valves (2), inches... ......... ee 


Load on safety valves, pounds...... 


TOTALS FOR BOILERS. 
8 Main. 


“Tube heating surface, square 30,416.69 
Plate-heating surface, in furnaces, square 
Plate-heating surface, in combustion chambers, square feet.. 4.448.08 


Totai heating surface, square feet........ 43,268.13 
Grate surface, square feet. 
Area through tubes, square feet ....2. 200.92 
Area over bridge walls, square feet. 130.96 
Volume of steam room, cubic feet 6,253.17 
Area of water surface, square feet...... 1,905.88 
Volume of combustion chambers ante grates, 

Weight of boilers with fittings and water per 100 square feet 


27 


3 


860 


10 Boilers. 
38,066.03 
2,474.16 
4,680.58 
45,220.77 
1,408. 
223.42 
138.78 
6,481.21 
2,366.84 


4,695.00 


2.33 


4 After Main. 2 Auxiliary. 


“Tube-heating surface, square feet. ......000 18,805.60 
Plate-heating surface, in furnaces, square feet............... 1,181.68 
Plate-heating surface, in combustion chambers, square feet.. 2,332.00 


Total heating surface, square feet...... 22,319.28 
Area through tubes, square feet ceccccee 107.28 
Area over bridge walls, square feet.......... 200 65.48 
Area of water surface, square feet. 963.28 
Volume of combustion chambers and furnaces above grates, 

Ratios : 8 Main. 

Plate H.S. in furnaces to G.S ...... oe 1.733 tol 

Plate H.S. in combustion chambers to G.S. .......2. «+ 3-290 to I 


Area through tubes to G.S 0-152 to I 
Area of water 00 1.40 tol 
Volume of steam room per square foot G.S............ 4.58 tol 
Volume of combustion chambers and furnaces above 

grates per square foot G.S... » tor 


1,649.34 
110.80 
192.50 

1,952.64 

64. 
16.5 
7.82 
228.04 
460.96 


189.32 

410 Boilers. 
26.66 tol 
1.733 tol 
3-278 to 
31.667 to 1 
0.156 to I 
1.66 tol 


4-54 tol 


3.29 tol 


Forced Draft-—Eighteen Sturtevant blowers are used to force 
air into the closed fire rooms, two for each main fire room and 
one for each auxiliary fire room. The fans are driven by two- 
cylinder, vertical, simple, enclosed engines, with cranks at 180°. 
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BLOWERS IN MAIN FIRE ROOMS. 


Diameter of steam cylinders, inches s 
Area of induction nozzle, square inches cesses soos 
Area of eduction nozzle, square inches...... 


BLOWERS IN AUXILIARY FIRE ROOMS. 


Diameter of steam cylinders, inches. ...... ....00 34 
Area of eduction nozzle, square inches ............ 1,018 


Ventilating Fans.—There are three fans for ventilating the 
main engine rooms, one for the evaporator room, and four for 
the living quarters of the ship, all of the same general style as 
the forced-draft blowers. Those for the port and starboard en- 
gine rooms have engines with cylinders 4 inches diameter by 
3 inches stroke, and that for the center engine room has engines 
34 inches diameter by 2}inches stroke. The diameter and width 
of the fans for port and starboard engine rooms are 48 and I9 
inches, and for the other fans the dimensions are 36 and 20 inches 
respectively. The areas of eduction nozzles of fans for port and 
starboard engine rooms, for center engine room, for evaporator 
room, and for the ship are, respectively, in area 1,810, 1,818, 
396, and 440 square inches. 

Auxiliary Condensers.—There are two Wheeler condensers, one 
in the port and one in the starboard engine room, connected 
with the auxiliary exhaust pipes. Each condenser has a com- 
bined air and circulating pump, the three pistons being on a sin- 

gle rod. The steam cylinder is be, the air-pump cylinders, and 
the circulating-pump cylinder “@ inches in diameter, and the 
stroke is 12 inches. The cooling surface of each condenser is. 
E360 square feet. 

Feed Pumps—tIn the main-boiler fire rooms there are four 
pumps for the main boiler-feed system, and also four others for 
the auxiliary feed system ; and in each auxiliary-boiler fire room 
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there are two pumps, one for each of the above mentioned sys- 
tems ; making twelve feed pumps in the fire rooms. These pumps 
are all of Blake’s make, vertical duplex. The eight pumps in 
the main fire rooms have steam cylinders 12 inches diameter by 
12 inches stroke, and water cylinder 74 inches diameter by 12 in- 
ches stroke. The four pumps in the auxiliary feed system may 
be used for fire and bilge purposes and for pumping out the 
boilers. The four feed pumps in the auxiliary fire rooms have 
steam cylinders 6 inches diameter by 7 inches stroke, and water 
cylinders 44 inches diameter by 7 inches stroke, and the two of 
these that are part of the auxiliary feed system may be used on 
the fire mains. The capacity of these pumps is 100 gallons per 
minute each. 

Feed, Fire and Bilge Pumps.—In each engine room there is a 
horizontal Blake duplex feed, fire and bilge pump, with steam 


-cylinder 12 inches diameter by 12 inches stroke, and water cylin- 


ders 84 inches diameter by 12 inches stroke. 

Fire and Bilge Pumps.—There are three Blake vertical, duplex 
fire and feed pumps, one in each engine room, having steam 
cylinders 14 inches diameter by 12 inches stroke, and water cylin- 
der 9 inches diameter by 12 inches stroke. 

Water Service and Fire Pumps.—For engine room _ water 
service and fire purposes there are three Blake vertical, duplex 
pumps, one in each engine room, with steam cylinders 7} inches 
diameter by 8 inches stroke, and water cylinders 4} inches 
diameter by 8 inches stroke. 

The capacity of the auxiliary pumps is for fire purposes 2,750 
gallons of water per minute, and for bilge discharge 2,300 
gallons per minute. 

Wrecking Pump.—On the port side of the evaporator room is 
one wrecking pump having a capacity of 1,000 gallons per 
minute. It is of Blake pattern with one steam and one water 
cylinder, the sizes of which are 12 inches diameter by 18 inches 
stroke and 16 inches diameter by 18 inches stroke, respectively. 

Distilling Apparatus.—The evaporator room is on the protect- 
ive deck,and surrounds the uptake to the second smoke pipe. 
In it are the wrecking pump and the distilling apparatus. 
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There are two No. 5 Baird distillers and two Type 6-C Baird 
evaporators, to which are fitted three Davidson steam pumps. 
The maximum distilling capacity is 12,600, and the ordinary 
capacity about 8,000 gallons per day. When connected to the 
condensers for supplying deficiency of feed water the estimated 
capacity is 10,000 gallons per day. A light-service pump sup- 
plies the cooling water for the distillers; its steam cylinder is 
8 inches diameter and water cylinder 9 inches, with a common 
stroke of 12 inches. After leaving the distillers the water from 
this pump enters the flushing pipes, or may be directed into 
them without passing through the distillers, as by-pass valves 
and pipes are fitted for the purpose. There isa combined regular 
pressure pump, having one steam cylinder and two water cylin- 
ders, one for feeding the evaporators (brass 2} by 4 inches) and 
the other (iron 2} by 4 inches) for conveying the water from the 
filters to the ship’s tanks. The steam cylinder is 3} by 4 inches, 
There is also a regular pressure pump for delivering the drain 
water to the feed tanks, the diameter of the steam cylinder being 
34 inches and the stroke 4 inches, and the diameter of the water 
cylinder 2} inches. 

Ice Machine.—There is an Allen dense-air machine capable of 
making 200 pounds of ice per day and at the same time keeping 
the refrigerating room near the freezing point and cooling 300 
gallons of drinking water to 40 degrees Fahrenheit. It is equiv- 
alent to the use of one ton of ice per day. The diameters of the 
cylinders are as follows: Steam cylinder, 7 inches ; air-compressor 
cylinder, 5} inches ; air-expansion cylinder, 4? inches ; all double 
acting and having a stroke of 10 inches. The water and primer 
pumps are single acting, each 13 inches diameter by 10 inches 
stroke. 

Workshop.—The workshop is on the protective deck adjacent 
to the center engine room. It is fitted with a vertical engine, 
4by 5 inches, a shaping machine, a lathe, an emery grinder, a drill 
press, and other necessary tools. 

Electrical Apparatus.—In the dynamo room there are duplicate 
generating sets, built at Schenectady, N. Y., by the General Elec- 
tric Company. In each set there is a 32-kilo-watt dynamo of 
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the multipolar type, having an output of 400 amperes at 80 volts, 
compound wound on I10 armature sections, cross connected at 
180 degrees. The engines are double-cylinder, vertical, inverted, 
the pistons being 13 inches in diameter and their stroke 6 inches. 
The crank shaft and armature shaft are common. The engines 
are designed to run at 400 revolutions under 80 pounds of steam 
with full load. On the steam pipe before it branches to the en- 
gines are a stop valve, a pressure-reducing valve and a steam 
separator. The bed plate, which is common to both engine and 
dynamo, measures 4 feet 7 inches by 8 feet 4 inches. The weight 
of each generating set (engine, dynamo and bed plate) is about 
9,000 pounds. The switch board is a model of simplicity and 
compactness. It is of the Navy type, with 12 sections, 2 pairs 
of negative bus bars and one pair of positive bars. There are 
490 (16-candle power) outlets, distributed throughout the ship. 
Of these 167 are in the engineer department, as follows: in the 
53 coal bunkers, 10 fire rooms, and 3 engine rooms, 38, 72 and 
55 lamps respectively. There are also three fixed and two port- 
able lights in the steam steering room, and in addition to the 
above-mentioned 38 fixed lamps, the coal bunkers are lighted 
by portable lamps from the gun-deck circuits. There are electric 
side and mast-head lights ; and for signal purposes at night there 
are ten 16-candle power signal lanterns, single, and a set of five 
Ardois 32-candle power double lanterns. 

The dynamo room is ventilated by a blower, which delivers 
2,250 cubic feet of air per minute when running at 1,500 revo- 
lutions; it is driven by a two-horse power motor. Two one- 
quarter-horse power portable motors are to be supplied to drive 
fans, each capable of delivering 400 cubic feet of air per minute 
at 1,800 revolutions. 

There are two search lights of the Mangin type, mounted on 
special platforms at fore and main masts, and electrically con- 
trolled. The projectors are 30 inches in diameter, the lamps 
are hand or automatic, and the current is 90 amperes at 45 volts. 
The telegraphs, etc., are elsewhere mentioned. There are water 
alarms in each bilge compartment, and thermostats in each coal 
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bunker and paint room, with annunciators on the forward cabin 
bulkhead. The current distribution is as follows: 


Steam Launches.—There are two steam launches, one 30 feet 
and the other 33 feet long. They are fitted with Towne boilers, 
having steam jets for use only in emergencies. Keel condensers 
are attached to both launches. The cylinders of the 30-foot 
launch are 3} by 7 by 6 inches, and the propeller is 27 inches dia- 
meter by 48 inches pitch. The cylinders of the 33-foot launch are 
4 by 7 by 7 inches, and the propeller is 30 inches diameter by 48 
inches pitch. The capacities of the water tank and coal bunkers 
of the 30 and 33-foot launches are, 80 and 110 gallons and 600 
and 680 pounds respectively. 

Other Auxiliary Machinery.—Situated in the fire-room hatches 
are eight Williamson ash-hoisting engines, having each two ver- 
tical cylinders of 4} inches diameter by 44 inches stroke. There 
is one ammunition-hoisting engine, of 5 inches diameter by 6 
inches stroke, having two oscillating cylinders. There are three 
steam winches with double cylinders 8 by 8 inches, two of which 
are single and double geared, without drum, and one reversible 
with drum. There is one of the American Ship Windlass Co.’s 
windlass and capstan engines, with double cylinders, 12 inches 
diameter by 14 inches stroke. There is one of Williamson & 
Bros., combined hand and steam steering engines, with double 
cylinders 13 inches diameter by I0 inches stroke. It requires 70 
revolutions to shift the helm from extreme starboard to extreme 
port. 

From the foregoing detailed description, it will be seen that 
there are more separate engines in the Co/uméia than in any ves- 
sel that we have hitherto constructed, the largest number up to 
this time having been in the Mew York. For convenience of 
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reference, and to show ata glance the various purposes for which 
separate engines are used, all of them are grouped in the follow- 
ing list: 
ENGINES ON BOARD THE COLUMBIA. 
Engines. Steam Cylinders. 
3 main propelling engines, vertical, triple expansion ree 
main air pumps, Blake, vertical, double.. ...... 


main circulating pumps, vertical, double... 


3 

2 auxiliary air and circulating pumps, Blake, horizontal......... 
4 main feed pumps, Blake, vertical, duplex... ....... 
4 auxiliary feed pumps, Blake, vertical, duplex......... 
3 auxiliary feed, fire and bilge pumps, Blake, horizontal, duplex .. 
3 auxiliary fire and bilge pumps, Blake, vertical, duplex ........ 
2 main feed pumps for auxiliary boilers, Blake, vertical, duplex........00+ essseser 
2 


auxiliary feed and fire pumps, in auxiliary-boiler rooms, Blake, vertical, 


fire and bilge pumps, Blake, vertical, duplex..... 
water-service pumps, main engines, Blake, vertical, duplex..... 
turning engines, vertical, double............... 


forced-draft blowers, Sturtevant, vertical, double.. 


w 
ADAwW 


3 

3 

I 

3 

3 

3 ventilating blowers, Sturtevant, for engine rooms, vertical, double.......ssecee 
1 ventilating blower, Sturtevant, for evaporator room, vertical, double........... 2 
4 ventilating blowers, Sturtevant, for ship, vertical, 
8 ash-hoisting engines, vertical, double... 
3 evaporator and distiller pumps, Davidson, single... cesses 
1 workshop engine, vertical, single. , 
2 dynamo engines, vertical, double. ......... 
I steering engine, Williamson, horizontal, cove 
I wrecking pump, Blake, horizontal, single 
I windlass and capstan engine, American Ship Windlass Co., vertical, double... 
3 winches, Williamson, horizontal, double................+ 
I ammunition- hoisting engine, oscillating, double........ 
I ice machine, Allen’s dense-air, horizontal. ..........+-++. 
2 steam-launch propelling engines, vertical, compound ......... 
2 steam-launch feed pumps, vertical, double.......... 


Coal Bunkers —The total capacity of the coal bunkers is 1,696 
tons. There are 53 bunkers, 31 below the protective deck and 
22 above it, holding 969 and 727 tons of coal, respectively. 
There is a complete and convenient overhead railway for trans- 
porting coal from the bunkers to the fire rooms, the buckets be- 
ing constructed so as to dump easily. 
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Drainage System.—There are two pipes for pumping and drain- 
ing, extending throughout the length of the boiler and engine 
compartments, a 12-inch main pipe on the port side and a 7-inch 
secondary pipe on the starboard side, each of which has a branch 
in each main fire and engine room leading to a cistern. These 
pipes are fitted with screw-down non-return valves, which may 
be operated from above the protective deck. The compartments 
outside of the boiler and engine spaces are connected with valve 
boxes within the fire and engine rooms. There are two auxiliary 
pumps in each engine room that have connections to the second- 
ary pipe; and the four pumps in the main fire rooms which form 
a part of the auxiliary boiler-feed system are also connected with 
this pipe and to the bilge of their own compartments as well. 
The wrecking pump is connected with the main drainage pipe. 
One of the two centrifugal pumps in each engine room is con- 
nected with the bilge direct, and the other pump is fitted to draw 
from the main drainage pipe. The two drainage pipes are cross 
connected in one of the fire rooms by a pipe and valve. There are 
two manifolds in the starboard and one in the port engine room, 
connected with the double-bottom compartments and with the 
auxiliary pumps in the engine rooms. The double-bottom com- 
partments may be flooded through the sea valves and the suction 
manifolds, and they are supplied with vent pipes, which extend 
above the living spaces of the ship. 

Communication, Revolution Indicators, etc—The systems of 
communication between the different parts of the ship are very 
complete. Telephones will connect the Captain’s cabin with the 
pilot house, and the executive officer’s office with the master- 
at-arms’ station. The system of voice tubes with call bells is 
both simple and complete. For general purposes a central 
transmitting station is used, which vastly lessens the number of 
tubes required to give the same service. For connecting the 
most important stations, however, direct tubes are fitted, which 
do not go to the central station. The center engine room is 
connected with the others, to the ten fire rooms, and to various 
other parts of the engineer department by voice tubes and call 
. bells. There are three Cory mechanical telegraphs on the bridge, 
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and the same number in the pilot house and in the conning 
tower, one of which at each station is in communication with 
another situated in one of the main engine rooms. These tele- 
graphs are so connected that the shifting of either one of the 
four forming a set shifts the other three. There is a mechanical 
gong in each engine room connected with bell pulls at the steer- 
ing wheels on the after part of the bridge deck, and there is a 
mechanical gong for each of the eight ash hoists. There are 
mechanical tell tales from each engine room to the bridge, pilot 
house and conning tower, to show when and in which direction 
the main engines are turning. Electrical speed indicators and 
transmitters have also been fitted ; also electrical helm indicators. 
In the port and starboard engine rooms there are two mechanical 
indicators to denote the speed and direction of revolution of the 
side engines. The two indicators are connected and each has 
two hands of different colors, a red one which turns with the 
port and a green one which turns with the starboard engine. 
These hands may be turned on their shafts, like the hands of 
a clock, and by setting the two together an indication is at once 
given of the relative speeds of the side propellers, as the hands 
separate or remain together in their revolutions over the dial of 
the indicator. The hands make one revolution for one hundred 
of the engine. 


WEIGHTS. 
Propelling machinery, including water, tons......00. 1,934.04 
Reciprocating parts : 
L.P. piston, pounds ...... 5,849 
3 cross heads, pounds...... 5,563 
3 Connecting rods, 19,467 


Most important detailed weights, general : 
8 main boilers, complete with attachments, PouNds.. 1,579,351 
Water in same (6 inches above combustion chamber), pounds..........«. 669,972 
2 auxiliary boilers, complete with attachments, Pounds.. see 74,080 
Water in same (6 inches above combustion chambers), pounds......cs0000s 37260 
Water, fresh in feed pumps and pipes, pounds... 4,652 
Water, fresh, in air pumps and pipes, 22,163 
Water, salt, in condensers and connections, ses 44,172 
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Water, salt, in stern tubes, pounds... ...... cee 3,848 

Uptakes of main boilers, 128,812 

Uptakes of auxiliary boilers, pounds....... .. soeceese 4,130 

4 main smoke pipes, pounds...... 

Receiver pipes and fittings (three engines), pounds......... 14,199 

Feed pipes and fittings, sense 6,025 

Auxiliary steam and exhaust pipes, pounds. ......, 14,650 

Main steam pipes, pounds. , ....... 

10 stop valves, main steam pipes, pOUNAS ..,, 13,032 

18 blowers and blower engines, pounds....... 22,252 

The following are for one engine room only: 

Drain cocks and gear, cylinders and chests, pounds. 421 

10 stuffing boxes, piston rods and valve stems, pounds.. ...... 000. cesses see 1,711 

Valve stems, crossheads and guides, see see cee 2,941 

Reversing shafts and brackets, Pounds. sone 7,412 
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Indicator pipes and fittings, pounds., ......... 106 
Throttle and butterfly valve and gear, pounds, ......... 2,947 
Circulating pumps and engines, 6,794 
THE TRIALS. 


There were two official trials, one to determine the speed 
under the conditions of the contract, and another to ascertain 
the coal consumption with the air pressure existing in the fire 
rooms during the contract or speed trial. 

The Columbia sailed from Philadelphia, November 11, 1893, 
for Boston, Mass., using all the main boilers and three engines, 
making the run from the light ship off Cape Henlopen to Minot’s 
Ledge, a distance of 407.4 knots, in 21 hours 52 minutes, or at 
the rate of 18.63 knots per hour. The engines averaged 112 
revolutions per minute, with a steam pressure of 125 pounds, 
developing about 12,000 H.P. The mean draught of water on 
leaving Cape Henlopen was 23 feet 10 inches, and on arrival at 
Boston it was 22 feet 9 inches. 

After giving the crew a rest of a day and night the ship was, 
on November 14th, run over the trial course with all boilers in 
service in one direction under natural draft, the average speed 
being 20? knots per hour, and in the other under forced draft. 
On the latter run the vessel made the 7.74 knots between two 
of the buoys at the apparent rate of 24.9 knots an hour, the en- 
gines averaging 138 revolutions per minute. But as will be seen 
from an examination of the two official runs hereafter given, one 
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of the buoys—the one opposite the Fortune—had evidently 
either been inaccurately placed, or had drifted towards the Vesu- 
vius in the direction of the course, as the apparent speed going 
in each direction was much above the average between these 
buoys, and much below it between the Fortune and the Narkeeta. 

After this run the boiler safety valves were reset, under the in- 
spection of the Board of Naval Engineers, to blow at 168 pounds, 
160 pounds plus 5 per cent., two gauges that had been standard- 
ized at the New York Navy Yard being used for the purpose. 
These gauges were left attached to the after pair of main boilers. 
It was found that the gauges supplied generally indicated the 
pressure too high. After the return of the ship to the works of 
the contractors all of the steam gauges were compared and cor- 
rections applied to the recorded readings. 

On November 16th, after a good rest for the crew, the ship at- 
tempted the contract trial, but had to abandon it, as the weather 
was such that the guide vessels could not remain at an anchor 
on the course. 

After the crew had had another rest, the contract trial took 
place on November 18th. 

On November Ioth the ship left Boston, and arrived at Phila- 
delphia the following day, having made the passage with two 
engines. When nearing the Delaware Capes the ship was for 
several hours in a northwest gale, during which time she behaved 
well, though the engines raced. 

The ship vibrates a great deal when the engines are making ° 
between go and 100 revolutions per minute, but above that speed 
the vibrations are greatly lessened, and below it the vessel is 
steady. During these trials the contractors had in the fire and 
engine rooms a highly skilled crew, probably the best ever 
gotten together in this country, and they did not consider that 
their men could perform satisfactory work after a few hours of 
steaming at full speed. The Government, unfortunately, has not 
at its command, sufficient men to run its fine ships at fast speeds 
for longer than short periods. The allowance of men for the 
engineer department of the Co/umdia is 196, out of which the 
cooks for the firemen’s messes must be taken. It is interesting 
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to note the difference in complement between regular commis- 
sion and a contract trial, the numbers in each case being given 
in detail below: 


424 
I yeoman, . 8 machinists, 
I coppersmith, Will tend 54 oilers, 
3 boiler-makers, water when 18 water tenders, 
1 blacksmith, steaming. 60 firemen, 
8 water tenders, 6 boiler-makers, 
15 oilers, 6 riggers, 
35 first-class firemen, 80 coal passers, 


35 second-class firemen, 
85 coal passers, 


196 Total 232 
CONTRACT TRIAL. 


The contract trial occurred November 18, 1893, over the 
course, 43.968 knots in length, extending from Cape Ann, Massa- 
chusetts, to Cape Porpoise, Maine. The course was accurately 
marked by a line of buoys, and a vessel was anchored close to 
each buoy as a marker and for taking tidal observations. The 
weather conditions were favorable. The vessel ran over the 
course from Cape Ann up, and after making a large turn, and 
without slowing of the engines, returned over the same course, 
the distance between buoys, the time and the mean speed being 
as follows: 


Run North. 
Station vessel. Distance. Elapsed time. Speed. 
m Ss. 

Dolphin, is 

[wana, 2.37 6-16 22.69 
Kearsarge, . , 6.66 18-3 22.14 
Leyden, ; : 6.66 17-18 23.10 
Fern, . 6.40 16-16 23.55 
Narkeeta, 6.40 17-16 22.24 
Fortune, 7.74 21-36 21.50 
Vesuvius, : P 7.74 18-21 25.30 


Total time on course of 43.968 nautical miles, 1 hour 55 min- 
utes 6.1 seconds; mean speed for the run, 22.92 knots. 
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Run South. 

Fortune, 7.74 18-45 24.77 
Narkeeta, 7.74 22-0 21.11 
Fern, . ° : 6.40 17-45 21.63 
Leyden, ; , 6.40 16-11 23.73 
Kearsarge, . . 6.66 17-24 22.96 
[wana, 6.66 17-53 22.34 
Dolphin, ‘ ‘ 2.37 6-16 22.69 


Total time on course, 1 hour 56 minutes 14.4 seconds; mean 
speed for the run, 22.70; mean apparent speed for both runs, 
22.81 knots. 

From this mean speed a deduction of .o1 knot was made for 
the tidal correction, thus giving 22.8 knots as the official speed 
of the ship. 

The mean apparent speed over the several divisions of the 
course, in each direction, calling that between the Do/phin and 
Iwana No. 1, and that between the Fortune and the Vesuvius No. 


7, is as follows: 
Run North. Run South. 


No. 2, ; 22.14 22.34 
No. 3, ‘ 23.10 22.96 
No. 4, i 23.55 23.73 


From this it would appear that the Fortune had drifted to- 
wards the Vesuvius, and the Fern towards the Leyden, though 
the movement in the latter case must have been quite small, if 
there was any at all. 

Twenty officers of the Engineer corps of the Navy were on 
board to watch the performance of the boilers and machinery, 
and to take the desired data relative thereto. The operation of 
the machinery was in every way satisfactory, except the warm- 
ing of one crosshead journal during the first part of the trial, and 
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the irregularities consequent on the foaming of the boilers sev- 
eral times during the down run. Water was carried over into 
the cylinders of the port and center engines at 12.35 and again 
at 12.50 P. M., causing a slowing of these engines, notably of the 
former. The two auxiliary condensers were in operation during 
the trial. As a precaution, small streams of water were kept 
running on some of the journals, and oil was used very freely 
throughout the trial. 

Indicator diagrams were taken from the main cylinders on 
crossing the lines at the beginning and end of each run over the 
course and at intermediate intervals of thirty minutes, and from 
the principal auxiliary engines once an hour. The indicated 
horse power given below for the main engines is the average of 
ten sets of diagrams. The eight main and two auxiliary boilers 
were in use until 1.40 P. M., thirty minutes before the end of the 
trial, when the auxiliaries were disconnected and thereafter only 
the steam from the main boilers was used. With the exceptions 
noted, the engines ran with extreme smoothness and marked ab- 
sence of heating of working parts, which was largely due to the 
superior workmanship on the part of the contractors, who were 
urged to do their best in the hope of earning a large premium; 
and they succeeded in obtaining $350,000, the largest premium 
ever paid in case of any of our naval vessels. 

The condition of the machinery at the end of the trial was 
such that the trial could have been at once repeated, and prob- 
ably with better results. Subsequent examination showed the 
boilers and engines to be in excellent condition. 

The untrustworthiness of the patent log was clearly shown on 
this trial. The up run was made with two logs and the down 
run with one, the other having been carried away; the mean of 
the readings of both logs in one direction over the course and 
the reading of one log on the return run gave the length of the 
course as being 46.98 knots, or the average speed of the Colum- 
bia was by patent log 24.34 knots, a point worth bearing in 
mind when one reads of the performances of foreign ships, the 
speeds of which for runs off the measured mile are usually re- 
corded by patent log. 
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The small amount of horse power required to give the speed 
of the contract trial can only be due to its application to three 
screws and to the fine lines of the hull. Very little wave is 
made by the vessel at high speeds, as will be noticed in the 
illustration given herewith. The wake is not much different 
from that of fast twin-screw vessels. 

The Columbia's performance is more remarkable than is gen- 
erally known. She not only made a phenomenal speed, but did 
it with such marked economy as to lead to the belief that triple 
screws are a better method of applying power than twin screws 
and it would not be surprising to see triple screws adopted for 
use on large, fast merchant steamers in the near future. 


DATA OF THE CONTRACT TRIAL. 


forward,..... 21-3 
Draught, on trial, feet and inches.......... {a 23-8 

mean.,....4... 22-5 
Displacement at mean draught on trial, 7,350 
Area of immersed midship section, square 1,120 
‘Wetted surface (by calculation), square feet ..... ...... 27.590 
1.H.P. (total), per 100 square feet of wetted surface. ......... 67.09 
I.H.P. per 100 square feet of wetted surface at 10 knots, reduced in ratio of 3.5 

Speed* X area immersed midship section I.H.P. ........ 740.8 

SYNOPSIS OF STEAM LOG. 

Port. Center. Starboard. 

Slip of screws, per 19.13 15.85 19.82 
Slip (mean of three screws), per cent...... ....... 18.27 
Revolutions of main engines, per minute........... 132.9 127.68 134. 
Revolutions, mean of three engines..............000 131.72 
Piston speed, feet per 930.3 893 76 938. 
Steam pressure at boilers, per gauge, pounds..... 147.2 
Steam pressure at engine, per gauge, pounds...... 1455 144. 145- 
Steam pressure at first receiver, absolute, pounds, 62. 635 75- 
Steam pressure at second receiver, absolute, 

‘Vacuum in condenser, in inches of mercury...... 25.6 25. 25.1 
Opening of throttle in Io. 10. Io. 
Steam cut off in fraction of stroke from me. 7 4 - 

L.P. ff 7 7 
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Temperature of engine TOOM. 
Temperature of injection 
Temperature of discharge water......... 
Temperature of feed 
Temperature of fire 
Air pressure, in inches of water, in fire rooms... 

Auxiliary fire rooms.... 

per minute...... 


Engine 
Revolutions of main circulating pumps per min- 


Double strokes of main air pumps per minute..... 

Velocity of steam in feet per second, at maxi- 
mum opening of valves through— 


Main exhaust 
Corrected mean effective pressure in— 
Mean pressure on L.P. piston, equivalent to ag- 
gregate M.E.P. on all 
Indicated horse power of — 
Collective I.H.P. of each main engine............. 
Collective I H.P. of three main engines.,.......... 
1.H.P. of main circulating-pump engines........... 
I.H.P. of main air-pump engines. 
Collective 1.H.P. of main en 
Collective I.H.P. of main air-pump engines....... 
1.H.P. of two auxiliary air and circulating pumps.. 
1.H.P. of three fire and water-service pumps...... 
1.H.P. of three fire and bilge pumps................ 
1.H.P. of three fire, feed and bilge pumps......... 
1.H.P. of six main-boiler feed pumps..........00 «+ 
i H.P. of two auxiliary-boiler feed pumps (esti- 


COLUMBIA. 


Port. 

75-4 

49. 
115.8 
100. 


144. 
13-9 


121.52 
129.62 
103.13 
140.83 
198.60 
103.64 
110.10 
134 38 


51.57 
26.00 
12.60 


29.78 


1,724.84 
1,861.18 
1,973-65 
5.559-67 


14.073 
16.299 


43 


Center. Starboard. 
87. 84. 


1236 151.7 
14.4 17. 


116.76 122.53 
127.42 130.68 
102.42 107.48 
135.30 141.99 
190.79 200.23 
99-57 109.42 
106.02 III,O12 
129.10 135-49 


56.25 55.63 
25.19 29.54 
11.55 14.73 


32.48 35-09 


1,747-34 1,922.17 
1,770.56 2,159.07 
2,307.70 2,524.60 
5,825.60 6,605.84 
17,991.11 
6.997 8.674 
17.973 22.170 


29.744 
86.186 
4.109 
11.597 
22.159 
3-397 
178 380 


13.000 


49- 49. 

118. 134.2 

109.3 

105.7 

+73 3 

360.5 

496.4 

500. 
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I.H.P. of sixteen blower ~— in main fire 
LEP. < we in ee 

I.H.P. of two blower engines in — rooms 
L.H.P. of engine 
Collective I.H.P. of all auxiliary engines in use.. 
Collective I.H.P. of each main engine, air and 
Collective I.H.P. of all main 7 air and 
circulating pumps......... 
Total I.H.P. of all in use., ove 
Indicated thrust (main engines only), p weniil, 
Indicated thrust, per square foot of developed area 
of propeller, pounds.., 
Indicated thrust per inch of 
Cubic feet swept per minute sola L.P. piston per 
LE... 
Square feet per I. ‘H. P. 
Square feet of total heating surface per I.H.P. 
(all machinery in operation) until last half 
Square feet of total heating surface per I.H.P. 
(all machinery in operation) during last half 
Square feet of grate surface in use until last half 


I.H.P. (all machinery in operation) per square 
foot of total grate surface until last half hour 

foot of total grate surface during last half hour 

(all in per ton of 
propelling machinery, boilers and water......... 


Port. Center. Starboard. 
154.304 
12.000 
5.000 


28.000 
518.132 


55590.042 5,850.570 6,636.684 


18,077.296 
18,509.242 


64,209.53 70,031.50 75,665.64 


1,195.71 1,314.41 1,409.04 
25.41 29.94 
7.72 7.08 6.56 


1.704 1.63 1.43 


13-77 


9.57 


THE COAL CONSUMPTION TRIAL. 


On November tgth, while on the return to Philadelphia, the 
ship was run for eight consecutive hours with the four after 
main boilers and two side engines, the center shafts being un- 
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2.44 
2.34 
1,408. 
Square feet of grate surface in use last half hour 
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coupled, and the same air pressure and quality of coal as on the 
official trial. 

The relative number of revolutions of the center propeller to 
the other is to be noted. The average speed may be accepted 
as correct, as the trial began and ended near well-established 
land marks, from which bearings were taken. 


DATA OF THE COAL CONSUMPTION TRIAL. 


forward..... 19-7 
22-3 


MEAN... 


Draught on trial, feet and inches. 


Displacement at mean draught on trial, tons. 
Area of immersed midship section, square feet. ...... 1,031 
Wetted surface (by calculation), square feet 26,320 
Speed’ X area of section + H. 850.07 
SYNOPSIS OF THE STEAM LOG. 
Port. Starboard. 
Slip (mean of two screws) per 22.31 
Revolutions of center screw, shaft uncoupled .........++ sescseees 71. 
Revolutions of main engines, per Minute ......... 116.06 112.95 
Piston speed, feet per minute., 790.65 
Steam pressure at boilers, per gauge, coe 131.9 
Steam pressure at first receiver, absolute, pounds....., ..e0eee 48.8 50.2 
Steam pressure at second receiver, absolute, sitll: soeeeeees 18.8 20.1 
Vacuum in condenser, in inches of Mercury ...... 25.7 24.5 
Revolutions of main circulating pumps, per minute........... 132-7 105. 
Double strokes of main air pumps, per Minute...... 000 eee cee 14.9 15. 
Mean effective pressure in ........ 4 I-P. 19.73 18.94 
UL. P. 8.29 8.73 
Mean effective pressure on L.P. piston, equivalent to aggre- 
I.H.P., collective, of each main engine... .... ... 3,990.64 4,158.67 
I.H.P., collective, of both main engines ...... 8,149.31 
Square feet of total heating surface in use... ....seeee cesses seeees 22,319.28 
Square feet of grate surface in use...... 672. 
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QUALITY AND KIND OF COAL USED. 


Picked Pocahontas. 
Net weight of fuel burned per hour, pounds...........s000 sees 17,610.9 
Pounds of fuel per I.H.P. per hour......... 2.16 
Pounds of fuel per square foot of grate surface per hour...... 26.21 
Pounds of fuel per square foot of heating surface per hour... 0.789 
I.H.P. per square foot of grate surface....... 12.12 
Square feet of heating surface per 2.74 


[We are indebted to the “ Engineering Magazine” for the use 
of the half-tone of the Co/umdia forming the frontispiece of this 
paper.—Ep. | 
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H.M.S. * VICTORIA,” 
As Last SEEN OFF TRIPOLI, SYRIA, ON THE AFTERNOON OF JUNE, 22, 1893. 
PHOTOGRAPHED By StaFF SurGeoN CottoT, H.M.S. ‘* 
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LOSS OF H.M:S. VICTORIA. 


Report by the Assistant Controller and Director of Naval Construction [British] based 
upon Minutes of Proceedings of the Court Martial appointed to 
inquire into the cause of the loss of H.M.S. Victoria. 


It has been thought desirable by their lordships that the min- 
utes of evidence given before the court martial on the loss of 
the Victoria should be carefully gone through, in order that all 
important statements made by witnesses on matters relating to 
the collision between the Camperdown and Victoria, and the 
circumstances attending the subsequent sinking of the Victoria, 
should be summarized and classified. Having been directed to 
undertake this work, I now submit the following remarks: 

The minutes of evidence being voluminous, and the evi- 
dence bearing on the matter above mentioned being scattered 
over the whole of the minutes, it appeared necessary to bring to- 
gether in a tabular form and under various heads a summary of 
the statements made by various witnesses, giving the substance 
of each statement, as well as references to the original minutes 
of evidence. This has been done in the Zadular Summary an- 
nexed hereto, which is a digest of the evidence under the various 
headings herein contained. The reference to the original min- 
utes will facilitate further investigation by any one desiring to 
form an independent opinion respecting the relative authority of 
different witnesses where their opinions differ. 

As might be expected under the circumstances, witnesses are 
not in absolute agreement on every point. In many cases the 
impressions and estimates of individuals differ. 

Such differences do not, however, affect the principal circum- 
stances or the order of events from the time that the manceuvre 
began until the moment when the Victoria sank. On all essen- 
tial matters there is practical agreement. 

The investigations of the court martial were most searching, 
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and have put on record ina definite form the causes contributing 
to the loss of the Victoria. 

Their lordships have desired also that I should prepare a re- 
port based upon the inclosed summary of evidence, in which the 
main facts established by the court martial should be set out 
briefly and in order. This has been done in the following pages. 
For the most part the statements made are supported by unques- 
tioned evidence. Where differences of opinion occur in the evi- 
dence they are indicated. There are in most instances good 
grounds for reaching a decision, and an attempt is made to de- 
cide where the balance of evidence lies. In a few instances the 
evidence given before the court martial has been made the basis 
of certain calculations, the results of which are stated. Care has 
been taken to indicate clearly where the evidence is either criti- 
cised or supplemented. 

From the evidence it is established that before the manceuvre 
began the ships were proceeding at a speed of 8.8 knots, the two 
lines being 1,200 yards apart. ; 

When the signal to turn inwards 16 points was hauled down, 
the helm of the Victoria was put hard to starboard (35 degrees), 
which corresponded to a tactical diameter of about 600 yards. 
At the same moment the helm of the Camperdown was put at 28 
degrees to port, which corresponded to a tactical diameter esti- 
mated at about 800 yards. Had the helm of the Camperdown 
been put hard to port, the tactical diameter would have been 
reduced about 20 per cent. 

The two ships continued to turn under these conditions until 
they had each turned through about 8 points and were very 
nearly end-on to one another. Their distance apart at that in- 
stant was estimated at 2 to 2} cables (400 to 500 yards). Both 
ships must then have acquired practically their full “ swing ” (or 
angular velocity) corresponding to the conditions of speed and 
helm angle above stated. Apart from change of helm or alter- 
ation in speed and direction of the engines, the ships would have 
continued to turn in practically circular arcs from 8 points on- 
wards. 

At or near the 8-points position it was recognized in both 
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ships that a collision was imminent, and steps were taken to 
avoid it if possible. The port engines of the Victoria and star- 
board engines of the Camperdown were ordered to be reversed 
practically at the same moment for the purpose of making the 
ships turn more quickly. These orders were given only about 
one minute before the collision took place. Assuming that the 
orders were executed with all possible dispatch, these engines 
could have been working astern only a very short time before 
the collision, so that the movements of the ships could have 
been but little affected thereby. The evidence bears out this 
conclusion. 

In the Victoria the order to reverse the port engines was 
quickly followed by the order to reverse the starboard engines. 
The tendency, therefore, during the minute preceding the colli 
sion, was to somewhat check her headway. Captain Bourke 
considers she was moving at about 6 knots at the instant of 
collision. Staff Commander Hawkins Smith estimates the 
speed at not more than 5 knots. 

In the Camperdown, according to Admiral Markham’s and 
Captain Johnstone’s evidence, it was intended to go /full-speed 
astern with the starboard screw; but probably through some 
misunderstanding or error in working the telegraphs (not fault 
in the instruments), only three-quarters’ speed astern was shown 
on the dial in the engine room; and the starboard engines were 
so worked up to the instant of collision. Almost simultaneously 
the order was received in the engine room to stop the port 
engines. The evidence of the engineer officer of the watch, and 
the chief engine-room artificer proves that the port engines 
were stopped for about one minute—that is, practically up to the 
instant of collision. They were then ordered to go three quar- 
ters’ speed astern. Admiral Markham stated that he ordered 
full speed; but the seaman working the telegraph»asserted that 
he received the order three-quarters’ speed and acted on it. The 
engine-room staff, of course, only knew what the dial showed, 
and obeyed that order. While the misunderstanding is to be 
regretted, it cannot have sensibly influenced the result, since 


the interval of time was so short. 
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Witnesses differ in their estimates of the speed of Camperdown 
when she struck Victoria. Lieutenant Barr puts it at 4 to 5 knots, 
Captain Johnstone at 6 knots, Staff-Commander Hawkins Smith 
at 5 knots. Admiral Markham considered that the way of the 
ship had not been much checked. 

This point admits of independent verification. The engine- 
room register of Camperdown shows that up to 8 points (go de- 
grees) in turning, the engines were running at 54 revolutions, 
corresponding to a speed on a straight course of 8? to 9 knots. 
In turning this speed would, of course, be reduced. According 
to records of turning trials of similar ships at about the speed in 
question, the speed from 8 to 12 points on an approximately cir- 
cular path would be about 75 per cent. of the speed on a straight 
course before the helm was put over. The Camperdown’s speed, 
therefore, at the moment when the starboard engine was reversed 
and the port engine stopped, must have been about 6? knots. In 
the brief interval—less than a minute—before the collision, this 
speed could have been but little lessened. Hence it appears that 
Captain Johnstone’s estimate of 6 knots is fairly accurate and not 
in excess. 

This is confirmed by the fact that, as the Victoria was using 
about 25 per cent. greater helm than the Camperdown, her speed 
on the circular path from 8 to 12 points must have been checked 
more from that on a straight course than was the case in the 
Camperdown. Moreover, both the Victoria’s engines were re- 
versed before the collision and only one engine in Camperdown. 
Consequently the Victoria must have been moving more slowly 
than Camperdown, and yet her speed as above stated was esti- 
mated at 5 to 6 knots. 

There is practical agreement that both ships occupied about 1 
minute in turning from 8 to 12 points, in which latter position 
they were when the collision took place. This estimate of time 
is confirmed by recorded observations on similar ships made 
during turning trials ; and the fact that they were turning rapidly 
at the instant of collision had an important influence on the in- 
juries received by both ships. 

All the witnesses agree that the Camperdown struck the Vic- 
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torta nearly at right angles. The weight of evidence is in favor 
of the view that the keel line of Camperdown was about 10 de- 
grees abaft the beam of the Victoria, the keel lines then being at 
an angle of about 80 degrees. This is confirmed by an exam- 
ination of the paths actually traversed under similar circum- 
stances by similar ships when turning from 8 to 12 points. 

The blow was delivered on the starboard side of the Victoria 
about 65 feet abaft the stem-head, and just before important 
transverse bulkheads which extended from the keel to the upper 
deck. These bulkheads are lettered E and F where shown on 
Plates III to VI. 

With the estimated speed of 6 knots the “energy” of the 
blow delivered by the Camperdown must have been about 17,000 
to 18,000 foot-tons. This is about the muzzle energy of a 12- 
inch 45-ton B.L.R. gun, the estimated perforation of its projec- 
tile being about 22} inches of wrought-iron armor. 

Observers agree that this terrific blow delivered on the bow 
of the Victoria, at a time when she was rapidly turning, caused 
the fore-end of that vessel to move about 60 or 70 feet to port. 
This bodily movement of the Victoria absorbed some of the en- 
ergy of impact, and tended to lessen the shock and injury done 
to the structure. Even with this reduction the shock must have 
been very great. It caused a tremor throughout the whole 
length of the vessel, and the noise of the collision was heard on 
board other vessels at some distance from the Victoria. 

The upper decks of the two ships were nearly at the same 
height above water. Before the Camperdown was “ brought up” 
—which must have been done chiefly by the strong under-water 
protective deck of the Victoria—her stem and ram-bow pene- 
trated some distance into the side of the Victoria. 

Observers, for the most part, saw only the damage done to 
the upper deck of the Victoria. Several of the witnesses spoke 
of that deck having been broken and injured for a distance of 8 
to 11 feet from the side. Accepting this estimate of the extent 
to which injury or disturbance was carried, it obviously does 
not follow that the upper portion of the stem of the Camper- 
down actually penetrated so far. 
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The best evidence on this point is to be found in the damage 
done to the bows of the Camperdown. Drawings and photo- 
graphs have been received showing the nature and extent of 
that damage. Using this da/a in association with the evidence 
given respecting the movements of the ships while they were 
locked together, it is possible to decide with some certainty how 
far the Camperdown’s stem entered the Victoria. On this basis 
the actual penetration (normal to the side) of the upper portion 
of the stem is shown to have been 5% to 6 feet. (See Plate VI.) 

When the ships collided, as explained above, they were both 
turning rapidly. Consequently after the bow of the Camper- 
down was engaged in the side of the Victoria, the sterns swung 
together to some extent. This fact was noted by several wit- 
nesses. Those most competent to form an opinion (particularly 
Lieutenant Barr of the Camperdown) state that the movement 
involved a swinging of the Camperdown relatively to the Victoria 
through an arc of about 20degrees. It is stated further that the 
two ships were locked together for about a minute, before the 
Camperdown backed astern and cleared—which she did at an 
angle of about 30 degrees abaft the beam of the Victoria. 

This swinging together of the two ships exaggerated the in- 
juries done to both. For the Campcrdown it probably meant 
the fracture of the stem forging ; and it certainly involved very 
serious damage to the thin side plating on the port bow, which 
plating was broken through by contact with the side and decks 
of the Victoria abaft the breach made by the first impact. On 
the starboard bow of the Camperdown, where the swinging was 
practically a freeing movement, the damage done was relatively 
inconsiderable. 

The damage to the port bow of Camperdown was chiefly 
caused by contact with the protective deck of the Victoria. The 
main part of the bow plating on both sides of the Camperdown, 
both above and below water, retained its general form. In 
swinging, therefore, the bow of Camperdown must have crushed 
in the adjacent plating and structure of the Victoria and pro- 
duced a serious enlargement of the breach caused by the first 


blow. 
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Moreover it must have destroyed the watertight connection 
to the side plating of the important transverse bulkheads Z and 
F, situated just abaft the place of collision. Those bulkheads 
consequently ceased to be watertight partitions for several feet 
from the starboard side of the ship. 

A careful examination, based upon the known injuries to the 
plating on the Camperdown’s port bow, and the angle abaft the 
Victoria’s beam to which the Camperdown swung while she was 
locked, gives what must be a very close approximation to the 
extreme penetration into the side of Victoria effected by the stem 
of Camperdown. The result of this examination is shown on 
Plates III to VI, and indicates, as above stated, a penetration of 
about 54 to 6 feet for the vertical portion of the stem. The ex- 
treme point or “spur” of the ram bow projects about 7 feet 
before the upright portion ; and this spur pierced the thin plating 
below the protective deck, as it was designed todo. Notwith- 
standing the form of the athwartship section of the Victoria at 
the place of collision, the spur of the Camperdown was driven 
about 9 feet within the side plating, at a depth of about 12 feet 
below water. (See Plate VI.) 

These results are of interest chiefly as a check upon the esti- 
mates of eye witnesses as to the extent to which the Camper- 
down's bow penetrated. It is important to notice, however, that 
even a considerably less penetration than that which has been 
shown to have occurred would have produced the same ultimate 
results by flooding the compartments to which water flowing 
through the breach could find access under the circumstances 
of the collision. 

The ram bow of the Camperdown would have ripped open the 
thin bottom plating of the Victoria below the protective deck 
even if the vertical portion of her stem had not penetrated sen- 
sibly. Moreover, the Victoria was moving directly across the 
bows of the Camperdown at a speed of 5 to 6 knots. Apart 
from any sensible penetraticn of the Victoria’s side, therefore, it 
was inevitable that, if this forward movement of Victoria rela- 
tively to the Camperdown had taken place, her bottom must 
have been torn open for some distance abaft the first breach, 
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during the time the vessels were in contact. This tearing ac- 
tion actually happened in the collision between the Grosser 
Kurfiirst and Konig Wilhelm, when the former ship quickened 
her speed in the endeavor to clear the latter by crossing her 
bows. 

As a matter of fact the Camperdown’s bow was virtually docked 
in the protective deck of Victoria during the time the vessels 
were engaged together. The relative forward movement of Vic- 
toria across the Camperdown's bow was thus practically des- 
troyed, and consequently the tearing action of the spur on the 
bottom plating was lessened; although the swinging movement 
above described necessarily involved an enlargement of the 
breach. 

It is possible, following the method above described, to closely 
approximate to the area and form of the breach made in the 
side of the Victoria by the collision and subsequent swinging to- 
gether of the ships. The result is shown on the diagram. 

The breach must have extended vertically from the upper 
deck to a point about 28 feet below that deck, and 18 feet below 
the water-line at which Victoria floated before collision. 

The width of the breach varied. At the upper deck it was 
about 12 feet ; at the original water-line about 11 feet; then it 
gradually diminished in general breadth towards the lower ter- 
mination. The area of the breach below the original water line 
must have been 100 to 110 square feet. 

The bow of the Camperdown filled this breach to a large ex- 
tent during the minute the ships were locked together. When 
the Camperdown went astern and cleared, the full area of the 
breach was left open to the entry of water. The initial rate of 
inflow of water through an unobstructed aperture of this size 
would be over 3,000 tons per minute. The actual rate of inflow 
was governed by many circumstances. Compartments which 
were directly breached by the blow and put in free communica- 
tion with the sea must have filled very quickly. These com- 
partments, in the aggregate, required only about 500 tons to fill 
them, so that they were probably flooded to a serious extent 
before the Camperdown cleared. 
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The whole arrangements of the water-tight subdivisions for- 
ward are indicated on Pates III to VI. It will be seen that the 
spaces below the main deck were minutely subdivided by trans- 
verse bulkheads, horizontal decks and platforms, and a few lon- 
gitudinal bulkheads. The governing idea, as in all war ships, 
was to turn each compartment necessary for stowage into a sep- 
arate water-tight enclosure when doors, scuttles, &c., were closed 
and secured. The evidence establishes the fact that a number 
of these doors, &c., were open at the instant of collision, and 
could not be subsequently closed. Further, the shock of colli- q 
sion no doubt destroyed the absolute water tightness of some of 3 
the partitions adjacent to the place where the blow was struck, ie 
so allowing water to pass through interstices. s 

Water entering through the breach could not pass away into 
compartments adjacent to those first put directly into communi- 
cation with the sea at anything approaching the rate of inflow 
appropriate to the unobstructed motion due to the area and 
depth of the breach below the water surface. It had to find its 
way through doors, scuttles, &c., at a rate determined by the 
area and positions of these openings. Even when thus checked, 
the evidence clearly shows that a very large weight of water re. 
found its way into the interior, and passed for a considerable dis- : 
tance fore and aft in a very short time. A very great depression 
of the bow was observed within three or four minutes of the col- 
lision. 

It is proved by the evidence that the water-tight doors, hatches, ae 
&c., were in good order and perfectly efficient. The ship had a4 
been recently recommissioned at Malta, and had passed through a 
the dockyard hands, all defects having been made good. The 
‘Chief Constructor of Malta Dockyard certified to this fact, and 
his evidence is confirmed by that of the officers of the Victoria. 

Moreover, the men who closed, or attempted to close, the doors, 
&c., with one single exception, made no statement suggestive of 
any fault in these fittings. The exception applies to a sliding 
door in bulkhead H, below the protective deck and just before 
the turret. This door could not be closed completely. No suffi- 
cient reason is given for the stoppage. Captain Bourke suggests 
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that the shock of the collision may have disturbed the fittings. 
This view is not concurred in. The bulkhead in question is of 
exceptional strength, being one of the principal supports of the 
athwartship armor at the end of the belt. It is situated 35 feet 
from the place where the blow was struck, and many doors 
much nearer to that place were shown by the evidence to be un- 
injured. Most probably there was some temporary obstruction 
to the closing, and the evidence of Rufus Ruff shows that he 
had no time to look carefully into the matter, as water was rush- 
ing into the compartment from forward. 

It should be noted that the failure to close this door was not 
a matter of great importance under the circumstances, because 
the compartment abaft, to which (according to the evidence) 
water could find access, only contained 75 tons, and the effect of 
that small additional weight of water was trivial compared with 
that of over 1,000 tons in other flooded compartments. - 

The true cause of failure to close the doors, hatches, &c., in 
the forward part of the ship is to be found in the very short time 
before the collision that orders were given to make the attempt. 
Captain Bourke states that under ordinary conditions of drill, 
with a trained crew, ¢hree minutes were required to close the 
doors, &c. It is also proved that the order to close doors was 
given about ove minute only before the collision. The men were 
in their messes or on deck for the most part when this order was 
given. Using all possible exertions they could not reach the 
compartments forward, and especially those below the protective 
deck, in time to do much, if anything, before the collision had 
happened, and large quantities of water were entering. In the 
evidence this is conclusively proved by incidental statements 
made by the men. Abaft the turret the case was different; as 
water took some time to find its way into those compartments, 
the men could work without disturbance or danger, and the 
doors, &c., were closed and secured. 

In the course of the inquiry many allusions were made to the 
possibility of partitions originally water tight having ceased to 
be so in consequence of the great shock sustained by the struc- 
ture. No doubt damage of the kind occurred in the immediate 
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neighborhood of the place where the blow was struck, and it is 
not possible to determine exactly the limits wherein such dam- 
age may have been sustained. 

There is indirect evidence that the extent of serious disturb- 
ance by shock was not so great as some persons have supposed. 
For example, the anchor on the starboard side, only about 20 
feet before the breach, remained in place after the collision. 
Again, two witnesses testified that after the collision they were 
able to close and secure a door in the divisional bulkhead on the 
mess deck, only 10 or 12 feet from the place where the blow 
was struck, and about 10 feet from the ship’s side. Experience 
in other cases of collision confirms the view that serious damage 
is likely to have been localized in close neighborhood to the 
place where the blow was struck. This is quite consistent, more- 
over, with the tremor consequent on collision being felt at a con- 
siderable distance from that place. 

The point has but little real importance, however, because, as 
above stated, it is established by evidence that doors, &c., were 
not closed both in partitions which it is reasonable to suppose 
might have been affected by the shock, and in others which were 
further off the seat of injury, and consequently not likely to be 
disturbed. 

From the evidence it is possible to ascertain, in considerable 
detail, facts concerning the behavior of the Victoria from the in- 
stant of collision up tothe time she foundered. The impressions 
of various witnesses have been grouped in the Tabular Summary 
of Evidence annexed hereto. ~It will be seen that, while there is 
agreement on important points amongst those who were well 
placed for observing the movements of the ship, other spectators 
less favorably placed give somewhat different accounts and esti- 
mates. 

The most valuable evidence on these points is that of Staff 
Commander Hawkins Smith and Flag Lieutenant Lord Gillford, 
of the Victoria; Captain Moore, of the Dreadnought, and Captain 
Noel, of the Wile. These officers are in substantial agreement, 
and their evidence is supported by that of other witnesses in 
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most particulars. From these sources the following account has 
been framed : 

The Victoria and Camperdown remained locked together about 
one minute. During this short time the Victoria is thought to 
have heeled slightly to the starboard side, and settled a little by 
the bow. 

When the Camperdown had gone astern and cleared, the Vic- 
toria continued to settle by the bow and to increase her heel to 
starboard. For nine or ten minutes these movements continued 
to proceed gradually and steadily. Then came a “lurch” to 
starboard, which commenced suddenly. The ship fell over on 
her side, and, turning bottom up, finally sank by the head at an 
angle of 20 or 30 degrees to the vertical. At the instant the 
lurch began the Victoria was steaming slowly ahead with both 
screws, her helm being hard-a-starboard. The intention was to 
make for the land. 

For convenience it will be desirable to consider separately the 
two movements which proceeded simultaneously, viz: depression 
of the bow and heel to the wounded (starboard) side. 

It appears that about 4 minutes after the collision the bow had 
dipped so much that water was coming through the hawse pipes 
on to the upper deck—that is to say, the bow had sunk about 10 
feet in 4 minutes. This change of trim continued, and about 2 
minutes later the water had risen so much on the forecastle that 
men who had been working there were called away. Immedi- 
ately before the lurch took place the water was washing into the 
open turret ports, situated nearly at the middle line 100 feet from 
the bow, and at a height of 14 feet above the original water line. 
Captain Moore states that the water was then half-way up the 
turret wall; and Captain Noel saw the water 2 to 3 feet deep 
against the sides of the turret. On investigation it is found that 
at this moment (accepting Captain Moore’s careful observations) 
the upper deck right forward was 13 feet under water, having 
been depressed about 23 feet below its original position. The 
forward part of the upper deck was then almost entirely under 
water, from the bow to the bulkheads forming the forward ter- 
mination of the upper-deck battery. In other words, nearly half 
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the length of the ship was submerged. The after portion of the 
ship was lifted considerably above its normal position, and the 
upper blades of the port screw were showing above water to a 
large extent. The normal position of the tips of the blades was 
11 feet below water. This emergence of the screw was partly 
due to the heel, but chiefly to change of trim. 

Simultaneously with this extraordinary change of trim by the 
bow, the Victoria was heeling to starboard. All the witnesses 
on board that ship agree that the motion was gradual and steady 
until the lurch took place. Their conclusion is supported by 
witnesses from other ships, and by the fact that 9 or 10 minutes 
were occupied in reaching a heel of 18 or 20° from the vertical. 
There is practical agreement that this was about the heel to 
starboard at the moment when the lurch took place. 

Captain Moore, who was taking note of the Victoria at that 
time, confirms this estimate, and adds some most important in- 
formation. He saw the water half-way up the turret wall; and 
consequently it must have been flowing through the open ports 
into the turret, from which it could pass into the redoubt, sur- 
rounding the turret base, and thence could find access to certain 
spaces below. 

Further, he noted that the armor door in the oblique bulk- 
head at the further end of the upper-deck battery was partly 
under water. It has been given in evidence that this door was 
never closed. Consequently water was at the same time pass- 
ing into the battery and accumulating on the starboard side. 
Captain Moore remarked also that the two foremost 6-inch gun 
ports on the starboard broadside were then just awash. These 
ports, according to the evidence, were not closed, and therefore 
when they became “awash” large quantities of water could 
enter rapidly. In these circumstances it is obvious that a sud- 
den increase of heel was inevitable; and the ship had sustained 
such a loss of stability from the submergence of her bow and 
the rise of her stern that she could not recover herself, and 
eventually capsized. 

Captain Noel describes the motion of the Victoria at this time 
in some detail. He says she fell over to starboard slowly at first, 
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but afterwards with increasing rapidity. He adds the important 
fact that as this movement took place boats and other weights 
fell to leeward with a terrible crash. This “fetching-away” of 
weights no doubt contributed to hasten the capsizing when the 
motion had begun. It is practically certain, also, that large 
quantities of water which entered the upper-deck battery, through 
the open ports and armor door, must have passed below into the 
deck and hold spaces through open hatchways, doors, &c., thus 
flooding the ship and further accelerating her foundering. 

The attempt made to steam toward the land with the helm 
hard-a-starboard tended to increase somewhat both the depres- 
sion of the bow and the heel to starboard. It is true that only 
a low speed was reached, but with the forcastle buried deep under 
water any headway tended to further “tip” and heel the vessel, 
and to accelerate the inflow of water through the turret ports 
and battery door. The transverse stability had been so seriously 
diminished by the submergence of the bow that inclining forces 
of small absolute amount, which would have been of no impor- 
tance in the ordinary condition of the ship, produced an appre- 
ciable effect. 

The hydraulic steering gear in the Victoria ceased to act very 
soon after the collision. Captain Bourke attributes the circum- 
stance directly to the inflow of water consequent on the collision. 
His opinion is concurred in. It is important to note that this 
steering gear had given no trouble previously, and that alterna- 
tive hand. steering gear, placed far abaft the compartments flooded, 
was still available for controlling the ship. This hand gear could 
be brought into operation very quickly when required, and was 
of ample power for moderate speeds. That it was not used was 
undoubtedly due to the short time the ship remained afloat. 

Passing from the behavior of the Victoria during the interval 
before she sank, to the consideration of the causes which pro- 
duced the great change of trim and the heel to starboard ob- 
served, it is necessary to examine closely into the facts placed 
before the court martial respecting the compartments which were 
flooded. The evidence on these points is exhaustive, and has 
been classified in Section VII of the Tabular Summary annexed. 
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Up to the time when the ships had turned 8 points—or about 
one minute before the collision—no orders were given to close 
the water-tight doors, etc.,then open. It was “make and mend” 
afternoon, and the men were in their messes. After the orders 
were given every possible endeavor was made to close doors 
and scuttles; but the time available was very short and the in- 
rush of water was rapid. The court martial examined individ- 
ually the officers and men who closed or attempted to close 
doors and scuttles. It is clear from the evidence that in some 
cases doors, etc., which were attempted to be closed were not 
properly secured, or really made water-tight, the men having no 
time or being driven away by the inrush of water. 

An important example of this occurs in the evidence relating 
to the door in the bulkhead E, at the forward end of the sub- 
merged torpedo room (see plate V). Petty-officer Jacobs stated 
that he proceeded from the spar deck to this compartment and 
closed the door in question. It will be seen that the compart- 
ment before the bulkhead E, was breached, as the Camperdown 
swung while locked in Victoria ; consequently it must have been 
in free communication with the sea. Jacobs confirmed this and 
admitted that he might not have completely secured the door. 
Another witness(Rufus Ruff) proved that, whatever Jacobs may 
have attempted, water in considerable quantities was passing 
through the bulkhead at or near the place where the door was 
fitted, which Jacobs thought he had closed. This door was sit- 
uated about 30 feet from the breach made by the Camperdown's 
bow, and the nearest part of the bulkhead on the starboard side 
was about 10 feet abaft the breach (plate VI). It appears highly 
probable, therefore, that neither the bulkhead nor the door could 
have been seriously damaged, so as to admit the quantities of 
water seen by Ruff, and that Jacobs failed to close the door, 
although he made the attempt. 

This has been described both as a typical case of what must 
have happened in many instances under the circumstances, and 
because it is the only important point in which reason is seen 
to differ from the statement put in by Captain Bourke as to 
doors which were closed. Its importance arises from the fact 
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that the flooding of the submerged torpedo room involved the 
entry of fully 260 tons of water into that space, and its passage 
aft into spaces below the turret. Having regard to the evidence 
of Ruff, it is certain that the submerged torpedo room was 
flooded. 

On the basis of the facts set out in detail in Section VII of the 
Tabular Summary of Evidence, diagrams have been prepared 
which graphically illustrate the extent to which the Victoria was 
flooded. The evidence of Captain Bourke has been generally fol- 
lowed, but on the unquestioned evidence above mentioned it has 
been accepted that the submerged topedo room was flooded. 
Further, the water-tightness of the provision room and of the 
compartment in hold between stations 12 and 22, port side (Plate 
V), has been taken as wot destroyed by the shock of the collision. 

These diagrams show— 

(a2) The compartments which would have been flooded as a 
necessary consequence of the collision, if all doors, &c., in bulk- 
heads and platforms had been closed prior to the collision. 

(4) The compartments subsequently flooded through doors, 
hatchways, &c., which remained open after the collision. 

(c) The compartments respecting which the evidence is doubt- 
ful, and into some of which water may have found its way be- 
cause doors and hatches were not closed. 

On these diagrams are also indicated the probable positions of 
the bow of the Camperdown as she struck and after she swung 
towards the Victoria before clearing. 

In deciding on the compartments under group (a) care has 
been taken to include all spaces which could reasonably be sup- 
posed to have been injured by the collision in such a way as to 
permit access of water to them. It has been explained above 
that the extent to which the shock may have carried injuries is 
not absolutely determinable, but that there are good evidences 
that the principal effects were comparatively local. 

The other groups are based strictly on the evidence, with the 
correction as to the bulkhead E, above described. 

The facts represented graphically in Plates III to VI have been 
grouped in the following tables. The flooded compartments 
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TABLE I.—COMPARTMENTS SHOWN BY THE EVIDENCE TO HAVE BEEN 
THROWN OPEN TO THE SEA EITHER BY DIRECT DAMAGE 
OR THROUGH OPEN DOORS, HATCHES, &c:; 


Distance in feet from— 


Loss of 
Name of compartment. ae se Middle | Middle line 
ons: | of length of | of ship—star- 
ship. | board side. 


Above protective deck— 
Small compartment leading to capstan 


Fresh-water tank room.. 25 122 
*Cable lockers. 34 
*No. 1 coal bunker, 18 to 23, starboard 


*Coal bunkers Nos. 3 Ee Le 33 87 14 


Total above protective deck........... 1084 


Platforms to protective deck— 


Compartment fore end of capstan room... a 130 — 
#Capstan engine cesses coe 80 116 
*Carpenter’s store, 14 tO 5° 114 | 13 
Fal, SF BF 200 96 | 2 port side. 

Submerged torpedo 260 | 78 

Spaces between 35, the ring bulkhead, | 


Hold below platforms— 
*Water-tight compartment starboard side, 
*Water tight compartment below, from 12 


Total below protective 1,001} 


CONE 


tO 22 20. | 117 4 
*Water-tight compartment, 22 to 31, star- | 
*Water-tight compartment below provi- 
*Torpedo magazine, or gun cotton maga- 
No. 7 coal bunker and shoot.........-+00++| | 47 | 44 25 


Norss.—1. The compartments marked with an asterisk are those (included in group (a) above), 
which it is considered must have been flooded in consequence of the collision, even had doors, 
hatches, &c., been closed prior thereto. 

2. For compartments cose the protective deck the loss of buoyancy (108% tons) is estimated up 
to the water line at which the Victoria floated before the collision, This loss will be seen to be 
about ro per cent. of the totalloss. Had no loss taken place below the protective deck, the omgeen | 
of compartments named above that deck would have produced a change of trim of only feet an 
a heel of less than a. When the compartments below the protective deck were also flooded 
the change of trim became 2g feet, and the heel to starboard 18 to 20 degrees. 
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TABLE I1.—COMPARTMENTS SHOWN BY THE EVIDENCE TO HAVE BEEN 
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PROBABLY OR POSSIBLY FILLED THROUGH DOORS, HATCHES, &c. 


| Distance in feet from— 


| Loss of | 
Name of compartment. | buoyancy, | Middle Middle line 
| intons. | 
| of length of | of ship—star- 
| ship. board side. 


Above protective or lower deck— | 
Air compressing room, port side............| 22 39 16 port side. 
Sail room, chest room, torpedo room, | | 


with turret support, 35 tO 53...+-sssese0.| 300 54 13 
Platforms to protective or lower deck— | 
Compartment between bulkheads, 43 and | | 
53, and turret support. Space for 


Hold below platforms— 
Water-tight port 12 | 


Port ejector tank. 35 


Norsz.—All the compartments mentioned in Table II, except those below platforms, are within 
the limits of the armor belt. 


TABLE III.—COMPARTMENTS ULTIMATELY FILLED THROUGH RIDING 
BITTS BY THE DEPRESSION OF THE BOW. 


Above protective deck— 
Boatswain’s and carpenter’s stores, 7 to 14 100 138 | — 


have been enumerated and classified, and for each of them the 
“loss of buoyancy” consequent on flooding has been calculated 
in the constructive department of the Admiralty. These calcu- 
lations are of the simplest character, dealing only with the wnoc- 
cupied spaces in flooded compartments, and the positions of the 
centers of gravity of those spaces. 

In the Minutes of Evidence (pages 132 to 133) it will be seen 
that the court martial had a somewhat similar statement pre- 
sented to it by Mr. Newnham, chief constructor at Malta. That 
officer, however, had not the full evidence before him at the time, 
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and made certain assumptions as to the compartments flooded 
which are not borne out by the evidence. For example, he 
assumed that on the platforms (Plate V), the water did not pass 
abaft the bulkhead E,, whereas it was proved to have reached I 
bulkhead, about 36 feet further aft than E,. Under these circum- 
stances Mr. Newnham’s calculations do not represent the actual 
conditions, and need not further be considered. His estimates 
for the capacities of compartments are, on the whole, in fair 
agreement with those given in the preceding tables. 

Taking the facts established by the evidence, and recorded in 
Table I, an enquiry has been made into the effect which flooding 
the compartments therein enumerated should have had upon the 
trim and transverse inclination of the Victoria. This enquiry 
has necessitated the performance of certain calculations in the 
constructive department of the Admiralty, those calculations 
being based upon well-known principles which are universally 
applied in estimates of the buoyancy and stability of ships. 
The following is a summary of results: 

1. The flooded compartments (19 in number) had a capacity 
which involved a total “loss of buoyancy” (up to the original 
water line) of 1,110 tons; of this amount less than 110 tons were 
in compartments above the protective deck, and about 1,000 
tons in the spaces below that deck. 

2. This loss of buoyancy in compartments so far forward 
produced a “moment to change trim” of about 140,000 foot- 
tons. Of this total moment the 110 tons above the protective 
deck account for only 15,000 foot tons—the balance, nine- 
tenths of the whole, being due to the water below that deck. 
The moment due to the 110 tons above the protective deck cor- 
responds to a change of trim of 3 feet only. The additional 
moment due to the 1,000 tons below the protective deck brings 
up the change of trim to the enormous amount of 29 feet. 
Allowing, as is done only for compartments enumerated in Table 
I, the calculation shows the depression of the bow to be about 
21 feet, and rise of stern 8 feet, as compared with their positions 
before the collision took place. Such a change of trim, how- 
ever, necessarily flooded also the compartments named in Table 
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III. Consequently, the final depression of the bow, by calcula- 
tion, fully equals that which was observed by several witnesses 
as having been reached before the lurch began, and which is 
estimated from their evidence at 23 feet. 

3. As the bow sank, water entered the upper part of the 
vessel through the breach and filled all the space between the 
upper and main decks back to the oblique water tight bulkheads 
shown on Plate V as situated just abaft the turret. 

Certain small store rooms (Plate IV) were also filled from 
above as the bow sank, but this circumstance was relatively 
unimportant. 

4. Neglecting water which may have entered through the 
turret ports, when the Victoria had reached the position occu- 
pied before the lurch, there must have been about 2,200 tons of 
water in the interior of the ship, before the fore boiler rooin 
and below the upper deck (Plates III to VI). 

5. The case was aggravated by the entry of water into the 
turret, redoubt, and spaces below. 

6. As explained above,the sudden entry of water into the 
6-inch gun battery above the upper deck through the open ports 
and door, caused the final lurch which led to the capsizing and 
foundering of the vessel. 

7. Had the ports in battery and turret, and the armor door 
been closed and water excluded from both battery and turret, 
the Victoria would not have capsized, and would have remained 
afloat for a much longer time even if eventually she had foun- 
dered. 

It is not possible to state absolutely that the Victoria, with 
turret and battery closed, could have been kept afloat perma- 
nently under the actual circumstances of the collision. There 
are so many compartments (see Table II) into which water may 
have found its way eventually, through doors or hatches 
respecting which there is no direct evidence whether they were 
closed or not. But this would have involved still further change 
of trim by the head, and her capsizing would have been impro- 
bable even if she had eventually foundered. 

Allusion has been made above (page 50) to the great reduction 
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in stability necessarily produced by such an extreme submerg- 
ence of the bow and accompanying rise of the stern as were 
observed in the Victoria before the lurch began. This fact is 
well known to naval architects, and can be readily understood 
apart from exact calculations. 

The power of a ship to resist inclination from any position in 
which she floats at rest depends greatly upon the moment of 
inertia of her buoyant water-line section (or plane of flotation). 
Any causes which reduce this moment of inertia lessen the sta- 
bility. To illustrate the remarkable change, which the sub- 
mergence of the bow and consequent entry of water into the 
Victoria produced upon the form of the buoyant water-line sec- 
tion, two diagrams have been prepared (Plate II). 

The first diagram shows the form of the water-line section of 
the ship when intact, as she floated before the collision, con- 
trasted with the corresponding water-line section which she 
must have had before the water entered the turret through the 
gun ports and the upper-deck battery through the armor door 
and 6-inch gun ports. In the latter condition the power to re- 
sist transverse inclination still remains, but is only about one- 
sixth of the corresponding power when the ship was intact and 
upright. Before the collision the Victorta had a metacentric 
height of 5 feet. After the collision, when her bow had sunk 
deeply and she had heeled considerably, the corresponding 
metacentric height was about eight-tenths of a foot. 

The second diagram in Plate II similarly contrasts the water- 
line section when the ship was intact and upright with her water- 
line section when the water had entered the battery and turret, 
as observed at the moment before the lurch began. The conse- 
quent reduction in buoyant water-line area caused a still further 
fall in the metacenter, and instead of being five feet above the 
center of gravity it was 1.8 feet below that point. In other 
words, the ship had become unstable and lost the power to right 
herself. 

Submergence of the bow and entry of water also seriously 
diminished the power of the ship to resist changes of trim. In 
the damaged condition this was only about one-third as great as 
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in the intact condition, even supposing water to be excluded 
from the turret and the battery. Hence appears more clearly 
the force of the remarks made above as to the possible influence 
of even slow motion ahead in producing greater depression of 
the bow. 

The foregoing considerations have an important bearing on 
the heeling which accompanied change of trim in the Victoria. 
No doubt the primary cause of the heel to starboard must be 
found in the circumstance that the first rush of water filled very 
rapidly certain compartments on the wounded side. Subse- 
quently the water found its way into other compartments through 
open doors or scuttles, or damaged bulkheads, but this, as above 
remarked, was comparatively a slow process, as is proved by the 
movement of the ship, both in heeling and changing trim. 

Although the water sought to find its level, there must always 
have been a preponderance on the wounded side, and possibly 
this increased gradually. 

In the forward part of the Victoria there ‘s no continuous central 
longitudinal bulkhead. That feature does not appear in the vessel 
except in the stokeholds and engine room, which were far abaft 
the place of collision. It is established by the evidence that 
water had not entered even the foremost stokehold up to the 
moment immediately preceding the commencement of the lurch. 

There were a few longitudinal partitions in the forepart of the 
ship, built primarily for the enclosure of compartments needed 
for stowage of stores, provisions, &c.,and then made water tight. 
(See Plates IV to VI.) Many of these partitions were inoperative 
because of damage or open doors. The few which remained in- 
tact did not produce such an eccentric distribution of buoyancy 
as would have been of any importance had it not happened that 
the submergence of the bow so seriously diminished the trans- 
verse stability. This statement has been made because, by some 
persons, the capsizing of the ship has been supposed to have re- 
sulted from the presence of central longitudinal subdivisions. 

One of the chief causes of inclination to starboard is to be 
found in the fact that, owing to open doors, water was able to find 
its way from bunkers above the protective deck down through 
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the coal shoot, and so to fill No. 7 bunker (see Plate V) just be- 
fore the forward starboard stokehold. 

In Table I are stated in detail the capacities and transverse po- 
sitions of the centers of gravity of all the eccentric compartments 
which were flooded. In the intact condition of the ship the heel 
corresponding to the flooding of these compartments would have 
been only about five degrees. 

As the bow dipped and the transverse stability consequently 
became reduced the effect of this inclining moment became 
greater. 

It appears on investigation that in the damaged condition and 
at the extreme position which the Victoria occupied before the 
lurch began, the flooding of the compartments enumerated and 
the accumulation of water on the starboard side, account for the 
observed angle of heel, 18 to 20 degrees. 

That lurch commenced, as was explained above, when water 
rapidly entered the battery in large quantities through the armor 
door and the broadside gun ports. The effect of the inrush of 
water was magnified by the great reduction in transverse stabil- 
ity which resulted from the enormous change of trim. Had the 
door and ports been closed and the entry of water into the upper- 
deck battery thus prevented, then calculation proves that, sorely 
wounded as she was, the Victoria would not have capsized. Only 
a short time before the lurch took place, orders were given to 
close the gun ports, but these orders could not be executed. 
No attempt seems to have been made to close the armor door 
at the fore end of the battery. The door and ports were not in- 
cluded in the “ Collision Stations,’’ and therefore would not be 
closed as a part of the drill. 

If the Victoria had been at sea in bad weather these gun ports 
and the armor doors would have been closed and secured so as 
to maintain the integrity and water-tightness of the high after 
part of the ship containing the 6-inch guns. In fact the safety 
of the ship in heavy weather when rolling through large angles 
would obviously have required precautions to be taken to keep 
openings into the 6-inch battery closed and to keep water out. 
Under the actual circumstances of the collision, with the ships 
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moving in smooth water, it was natural that both ports and 
doors should have been open. But when, by the entry of large 
quantities of water forward, the bow had been so greatly de- 
pressed and the transverse stability so largely reduced, the safety 
of the ship became dependent upon the exclusion of water from 
the turret and battery to an even greater extent than would have 
held good when rolling heavily at sea but with full transverse 
stability maintained. 

Consideration has been given also to the probable effect of the 
collision had all doors, hatches, &c., been closed prior thereto. In 
Table I, as explained above, an attempt has been made to dis- 
tinguish those compartments which would necessarily have been 
thrown open to the sea by the collision. Differences of opinion 
may arise as to the extent to which absolute water-tightness in 
partitions may have been affected by the shock, but there is 
obviously an essential difference between serious damage admit- 
ting the passage of large quantities of water in a short time, and 
an interference with absolute water-tightness in bulkheads, decks, 
&c., which would permit only small quantities of water to pass 
at a slowrate. Taking the compartments marked by an asterisk 
in Table I as a fair measure of the probable extent of damage, 
then calculations show that the effect of the collision would have 
been as follows: 

(1) The flooded compartments would have been 12 in number, 
and would have involved a loss of buoyancy of 680 tons; of this 
loss 600 tons would have been below the protective deck. 

(2) The moment producing change of trim corresponding to 
this loss of buoyancy would have been 90,000 foot-tons. 

The change of trim resulting would have been 134 feet, or less 
than half that observed before the lurch began. The upper deck 
at the stemhead would have remained just above water. 

(3) The heel to starboard would have been about nine de- 


grees. 
(4) The ship would have retained ample transverse stability, 
the metacentric height being 2} feet. 
(5) The forward 6-inch gun ports would have remained 4} feet 
above water. 
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Under these circumstances the Victoria should have been un- 
der control and navigable. 

The diagrams in Plate I have been prepared for the purpose of 
illustrating the results of calculations made at the Admiralty. 

Fig. 1 shows the Victoria intact and upright. 

Fig. 2 shows her in the position it is estimated she would 
have occupied after the collision had the water-tight doors and 
hatches been closed prior thereto. 

Fig. 3 shows her in the position it is estimated she would 
have reached had all the compartments enumerated in Tables I 
and III been flooded, but on the supposition that water had 
been kept out of the battery and turret. This corresponds to the 
conditions illustrated by the upper diagram in Plate II. The 
estimated change of trim is close to that observed by Captain 
Moore, and the estimated heel is rather less than that observed. 
This should be so as the water was not actually kept out of the 
battery or turret and, accumulating on the starboard side, must 
have increased the heel. 

Had the battery and turret been kept free of water then, even 
if the Victoria had been inclined to 30° from the upright she 
would have had a righting moment of about 6,000 foot-tons. 

On the contrary, when (as actually happened ) water could find 
access to the battery and turret, the stability was destroyed; and 
at 30° of inclination there would have been an upsetting moment 
-of 4,000 foot-tons. 

The failure to close the water-tight doors in the forward part 
of the Victoria, and the similar failure in the Camperdown, has 
caused suggestions to be made that automatic or “ self-closing” 
‘doors should be adopted instead of existing arrangements. 

This suggestion is a revival of one made long ago, then 
carefully considered and put aside after certain experimental 
doors had been tried. 

Automatic arrangements are applied in valves to ventilating 
trunks and other small openings in bulkheads and platforms. 
Even in such cases the feeling of the Naval Service has led to 

the automatic fittings being supplemented by the means of clos- 
ing the valves when desired. In doors and scuttles the risks of 
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the automatic appliances failing to act, or of solid materials. 
being carried into openings by a rush of water, and preventing 
doors from closing properly, would be much greater. 

These considerations have led to the retention of existing fit- 
tings, the design of which provides that, when properly closed 
and secured, doors and hatchway covers shall be as strong as 
the neighboring partitions, and water-tight under considerable 
pressure. 

There is no mechanical difficulty in making automatic appli- 
ances. It is a question of what plan secures the maximum of 
safety under the working conditions of the Royal Navy. 

With large numbers of disciplined men familiar with the fit- 
tings, and constantly drilled in their use, it is possible to close 
and properly secure all the doors, &c., in a battleship in three to 
four minutes, or possibly a less time for ships after long periods 
in commission. 

In the Victoria, as above stated, no orders were given to close 
doors until one minute before collision. It is established by the 
evidence that the doors, &c., were in good order. The failure 
to close doors, therefore, was due entirely to the insufficiency of 
the time available, especially in compartments breached by the 
collision. 

Under these circumstances no new argument in favor of the 
use of automatic doors seems to arise out of the loss of the Vic- 
toria. 

It has been asserted that if a strong armor belt had existed at 
the place where the blow was struck, the damage to Victoria 
might have been greatly reduced and the ship kept afloat. From 
the foregoing remarks it is clear, however, that even if the belt 
had been so strong as to absolutely resist penetration, the thin 
bottom plating below it must have been very seriously damaged 
by the spur of the Camperdown, and the thin side above it must 
have been so injured as to cease to be water tight. All the most 
important compartments which were flooded in Victoria, there- 
fore, must have been thrown open to the sea under the condi- 
tions of the collision, even if there had been such a belt. The 
breach in the side might have been different in form and possibly 
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less extensive, especially above water; but it must in any case 
have been of large extent, and have admitted very large quanti- 
ties of water in a short time. 

Attention has been drawn above (page 52) to the fact that the 
locking of the Camperdown’s bow in the protective deck of the 
Victoria prevented the relative forward movement of the latter 
ship and reduced the tearing of the thin bottom plating by the 
spur of the Camperdown. Under the assumed condition of a 
non-penetrable armor belt this relative forward movement and 
tearing action must have taken place. 

The assumption of impenetrability, however, cannot be ad- 
mitted. It is in the highest degree probable that under a blow 
of such energy as was delivered on the Victoria the strongest 
armored side ever constructed must have yielded and been 
driven in. Its water-tightness and that of the bulkheads, etc., 
within it, adjacent to the place where the blow was struck, must 
have been destroyed, and the ultimate result (as regards the 
admission of water) would have been practically as serious under 
the same conditions of open water-tight doors, etc., as that which 
actually occurred in the Victorta. 

There have been many instances where armor-belted ships 
have suffered from collision in the manner indicated. In some 
collisions comparatively light and grazing blows have crushed 
in and disturbed the water-tightness of the armored side and of 
the thin plating below it. In other collisions heavy blows de- 
livered nearly at right angles have produced fatal results on 
belted ships. As examples, reference may be made to the well- 
known cases of the collisions between Vanguard and /ron Duke, 
and between Grosser Kurfiirst and Konig Wilhelm. 

In the Vanguard the armor was driven bodily inwards more 
than a foot, and the bottom plating below was torn open to the 
extent of about 25 square feet. This armor was only 6 to 8 
inches thick, it is true; but on the other hand the force of the 
blow was only about two-thirds that delivered by the Camper- 
down, and the ram bow of the /ron Duke was. not so well shaped 
for destroying the bottom and wing bulkheads below the armor 
as was the bow of the Camperdown. The point of the spur in 
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the /ron Duke projected forward only 2 feet before that portion 
of the stem which struck the lower edge of armor in the Van- 
guard. Consequently, the spur only penetrated about 3} feet 
within the Vanguard's side, and did not pierce the inner skin 
situated about 4} feet from the outer bottom plating. Had the 
Tron Duke's bow been shaped like the Camperdown’s, with the 
spur projecting 7 feet before the vertical portion of the stem, the 
spur would have pierced and seriously damaged the inner skin 
of the Vanguard, and that ship must have been sunk with much 
greater rapidity. That she sank so slowly was entirely due to 
the less efficient form of the ram bow in the /ron Duke and to the 
slow passage of water into the hold through comparatively small 
leaks in the unperforated inner skin. Moreover, in the Vanguard 
the blow was struck at a place where the entry of water produced 
small change of trim, and the very slow rate of inflow of water 
into the hold, due to the non-perforation of the inner skin, pre- 
vented any serious heel. 

In the Grosser Kurfiirst the armor belt proved equally inca- 
pable of saving the ship. As explained above,she was moving 
at considerable speed across the bows of the Konig Wilhelm 
when the latter struck her a very heavy blow. This headway, 
no doubt, produced serious tearing of the bottom plating, and 
greater damage was done than to the Vanguard The water- 
tight doors were open and the Grosser Kurfiirst sank in ten 
minutes. Some eye witnesses alleged that she capsized in 
foundering. 

Other cases are on record, but need not be cited, proving that 
the existence of an armor belt is no sufficient safeguard against 
injuries resulting from serious collision. 

Summing up the results of the careful inquiry which has been 
made into the evidence given before the court martial, of which 
details appear in the foregoing remarks, the following broad 
-conclusions are reached : 

(1) That the interval of time which elapsed between the 
instant when orders were given to close water-tight doors and 
hhatchways, and the instant of actual collision (viz., about one 
minute) was necessarily inadequate for the complete fulfillment 
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of that intention, more especially in compartments forward below 
the protective deck, and near to the place of collision. 

(2) That although every endeavor was made to close the 
water-tight doors subsequently to the collision, the doors and 
hatchways which are proved to have remained open, permitted 
water to pass into compartments adjacent to those breached, and 
consequently greatly increased the loss of buoyancy, the depres- 
sion of the bow, and the diminution of transverse stability. 

(3) That, so far as can be judged, had all doors, hatchways, 
&c., been closed prior to the collision, the Victoria would have 
continued to retain ample buoyancy and stability, and would 
not have ceased to be under control. 

(4) That, under the actual circumstances of the collision, and 
with the doors remaining open which have been enumerated 
above, it was inevitable that the vessel should have attained the 
position described by the various witnesses as reached before the 
lurch began, with her bow buried about 13 feet below water and 
with a heel to starboard of about 18 to 20 degrees. 

(5) That even when so seriously injured and brought to such 
a critical condition had the ports in the turret and upper-deck 
battery been closed, the armor door secured and water excluded 
from turret and battery, the Victoria would not have capsized. It 
is possible that she may have eventually foundered in conse- 
quence of the gradual passage of water into compartments, 
respecting which the evidence leaves us in doubt. 

(6) That, under the serious circumstances of this collision or 
of any similar accident which may occur, the safety of a ship 
and her continued flotation demand that provision should be 
made for closing gun ports and openings in upper works, through 
which water may pass into the interior of the ship, if the flooding 
of compartments produces great change of trim or serious heeling. 

If such precautions are not taken the virtual height of free- 
board is reduced to the height of the sills of ports or doors; and 
the presence of the superstructures, when water is not excluded 
from them, does not assist either buoyancy or stability to a sensi- 
ble extent. W. H. Wuite. 

15th September, 1893. 
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VICTORIA AND CAMPERDOWN. 


I.—Speed and movements of helm and engines up to tof collist 
Victoria and Camperdown: 
Speed of both ships, 8.8 knots on straight course, Captain Bourke. 
Victoria: 
Helm used in Victoria, 35° (extreme helm), Captain Bourke. 
And was put over at 3°30} P. M., Staff Com. T. H. Smith. 
Port engine reversed about 3°32 P. M., when ship had 
turned 6 points, Staff Com. T. H. Smith. 
Starboard engine also reversed at 3°33 P. M., Staff Com. T. H. Smith. 
Collision took place at 3°34 P. M., Staff Com. T. H. Smith. 
When both engines were going full speed astern, Staff Com. T. H. Smith. 
And ship had turned 12 or 13 points, Captain Bourke. 
Ship’s way was not materially checked, Captain Bourke. 
Speed was about 6 knots, or perhaps less, Captain Bourke. 
Ship’s way was materially checked, Staff Com. T. H. Smith. 
Speed was reduced below 5 knots, Staff Com. T. H. Smith. 
Camperdown : 
Helm used was 28° (not extreme helm), Captain Johnstone and Lieut. Barr. 


Starboard engine reversed at 3°33 P. M., 
Engine-room Register and Assistant Engineer Carter. 
Order to reverse starboard engine was given after turning 8 points, Lieutenant Barr. 


Port engine was stopped 3°33 P. M., Engine-room Register and 
And reversed 3°34 P. M.., W. Davies, E. R. Art. 
Or 3°343 P. M., Assistant Engineer Carter. 


The engines were put } speed astern, and not full speed astern, 

Engine-room Register, Assistant Engineer Carter and W. Davies, E. R. Art. 
At moment of collision Camperdown had turned 12 points, | Admiral Markham. 
Her way was not materially checked by the engines going 


astern, Admiral Markham. 
Speed was not more than 6 knots, Captain Johnstone. 
Speed was between 4 and 5 knots, Lieutenant Barr. 
Speed was about 5 knots, Staff Com. T. H. Smith. 


Time of collision by signal-room clock of Camperdown, 335 P. M., 
Admiral Markham. 


Norg.—By engine-room clock this would have been 3 34 P. M., allowing one minute for 
the ship to turn four points. The latter agrees with times given by Victoria, and it ap- 
pears there was not absolute agreement between the clocks. 


Ships had advanced towards each other about 2 cables when 


they had each turned 6 points, Staff Com. Smith. 
Ships were about 24 cables apart when end on to each other, Lieutenant Barr. 
Victoria turning circle just under 600 yards with extreme helm, Captain Bourke. 
But 800 yards with 28°, Captain Bourke. 
Camperdown might turn in a circle of 400 yards if inner screw 

put astern same time as helm was put over, Admiral Markham. 


Diameter at 10 knots with extreme helm, about 659 yards, Captain Johnstone. — 
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VICTORIA. 
I1.— Place and direction of blow. 

Starboard bow—2o feet before turret, Admiral Markham. 
to feet abaft anchor bed, Captain Bourke. 
Just abaft anchor bed, Lord Gillford. 
10 or 12 feet before F. bulkhead, « Captain Bourke. 
Just abaft anchor bed, Lieutenant Barr. 
2} feet before F. bulkhead, R. May, C. P. O. 
Just before F. bulkhead, Captain Bourke. 

Bow of Camperdown was seen by men on fore side of F. bulkhead, 
but not on after side, so that she entered on fore side, Captain Bourke. 
Fore and aft lines of ships inclined at 80°, Admiral Markham. 
Camperdown struck 10 degrees before normal (1), Captain Bourke. 

Camperdown bore S.W. by S., Victoria bore W.N.W., so that pre- 
vious statement might be modified (2), Captain Bourke. 
Struck at an angle 10 degrees less than a right angle, Lieutenant Collins. 
of 80 degrees, Captain Johnstone. 
of 7 points from stern, Lieutenant Barr. 
less than 8 points, Lord Gillford. 
of 6 to 7 points, Staff Com. T. H. Smith. 
Camperdown had turned 12 or 13 points, Captain Bourke. 
12 points, Admiral Markham. 
Victoria had turned more than Camperdown, Staff Com. T. H. Smith. 


(See also diagrams showing relative positions of the ships at different times. ) 


Nortss.—(1) Gives angle between fore and aft lines of ships 115 degrees. (2) Gives angle 78% 
degrees. See, also, note at end of Section IV. 


VICTORIA AND CAMPERDOWN. 


Ill.— Behavior of ships while in contact. 


Both ships heeled to starboard at moment of impact, Admiral Markham. 
Victoria heeled slightly to starboard and settled down slightly by the 

bow, Lord Gillford. 
Heel of Victoria practically nil while locked, was carried bodily to 

port, Captain Bourke. 
Victoria appeared to be carried bodily to port, without heeling or 

changing trim, Lord Gillford. 
Did not observe either ship heel, Captain Johnstone. 


Victoria heeled slightly to starboard and settled a little by the bow, Staff Com. Smith. 
Victoria appeared to heel over two or three degrees to fort and 

to be pushed bodily about a ship’s breadth to port, Captain Acland. 
Victoria did not appear to heel, but was forced bodily to port, Captain Noel. 
Captain Bourke. 


No water on fore part of upper deck of Victoria, Staff Com, Smith. 


Captain Johnstone. 
Camperdown appeared to swing aft, Captain Bourke. 
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The ships swung a little closer, but did not swing together, 
Camperdown swung two points, 
backed out at 20 degrees abaft the beam (3), 
at same angle as she went in, 
at five points from stern, 
cleared in one or two minutes, 
in one minute, 


Admiral Markham. 
Lieutenant Barr. 
Captain Bourke. 

Captain Johnstone. 
Lieutenant Barr. 

Admiral Markham. 

Lord Gillford. 


Nore.—(3) Giving angle of swinging while in contact 45 degrees. See, also, note at end of Sec- 


tion IV. 
VICTORIA. 


1V.—E£Extent of damage. 


Upper deck was ploughed into, broken and set back towards mid- 
ships, 

Starboard anchor bed was not injured (the anchor remained in its 
place), 

Shock of collision was heavy, but not enough to throw witness 
down, 

Woodwork and, presumably, part of ironwork of upper deck 
was piled up at inner end of cut, 

Stem went in 8 or Io feet, cutting through and splintering upper 
deck, 

Appeared to crunch up the deck nearly to the center line, the 
fracture being some distance ahead of the stem of Camper- 
down, 

Upper decks of the two ships were abuut the same level, stem 
went in 8 or 10 feet, making a very clean hole, 

Went in 8 or 10 feet, crunching up the forecastle and splinter- 
ing it right up, 

Saw crash, with some splinters flying, and heard a noise, 

Did not see collision, but heard the crash, 

Went in ro or 11 feet, and wood deck was splintered in every 
direction, 

Bulkhead at F. (23) was damaged between upper and main, 
and between main and protective decks. Bulkhead at E. (22) 
below protecitve deck was damaged, and the blow probably 
disturbed the bulkheads and decks in the vicinity, 

Ship came through 2} feet from, and damaged F. bulkhead, 

F. bulkhead appeared to buckle up, 

Closed starboard door in F, bulkhead one minute after collision, 
but did not see Camperdown’s bow, 

Thinks following bulkheads were damaged : 

On lower deck.—F. (23), between No, 1 and Nos. 3 and 5 
bunkers; also starboard chain locker bulkhead, 

On platforms.—E. (22), 

Below platforms.—E. (22), and fore and-aft bulkhead from 
12 to 22 at middle line, and from 22 to 31 at side, 


Captain Bourke. 
Staff Com. Smith. 
Lieutenant Heath. 
Lieutenant Heath. 


Lieutenant Collins. 


Admiral Markham. 
Captain Johnstone. 
Lieutenant Barr. 
Captain Acland, 


Captain Moore. 


Captain Bourke. 


Captain Bourke. 

R. May, C. P. O. 
R. May, C. P. O. 
J. Thompson, A. B. 
Captain Bourke. 


Captain Bourke. 


Captain Bourke. 
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Marks on Camperdown are g feet from bow at upper deck. 
Extreme limit of hole on port side is 15 feet 3 inches from 
point of ram, Mr. Newnham. 


Note.—The weight of evidence above shows that the Camperdown struck at an angle of 10 de- 
grees abaft the beam, and backed out at 30 degrees abaft the beam. The swinging through 20 
degrees probably caused the deformation of the stem, and the injury to the bow plating of that ship. 
Mr. Newnham, chief constructor at Malta, who was not in possession of the above evidence, con- 
cluded, from an examination of the Camperdown in dock, that she struck at a considerabie angle 
before the beam, which was contrary to the weight of evidence. He also shows her backing out on 
the beam instead of at 30 degrees abaft the beam. (See Question 1837 and drawings put in by 
Mr. Newnham.) As will be seen by the plans, this difference of 30 degrees is of considerable im- 
portance in regard to the size of the hole in Victoria. 

Mr. Newnham allows 2 feet all round for extension of breach by swinging. On Plates III to VI 
attached, the Camperdown is placed at the maximum distance into the Victoria, indicated by the 
damaged plating on the former, and the positions of the ship at 10 and 30 degrees abaft the beam are 
marked, giving a fairly exact method of determining the probable area of breach. From Mr, Newn- 
ham’s report it would appear that at the level of the upper deck the marks of contact are at a maxi- 
mum distance of 9 feet from stem-head of Camperdown. If this be accepted as the limit, the extent 
of the damage would be /ess than has been shown on the drawings prepared at the Admiralty, and 
very considerably less than on the drawings prepared at Malta, which show the Camperdown run 
in for a distance of 12 feet measured along her side at the main deck, and a distance of 11 feet meas- 
ured along a fore-and-aft line in Camperdown, which is placed at right angles to the fore-and-aft 
line in Victoria instead of at an angle of 60 degrees to it. 


VICTORIA. 
V.—Condition as to heel and trim after Camperdown cleared. 


Appeared to be settling down by the head; a few minutes after 


heeled over to starboard, Admiral Markham. 
Water seemed to pour in on the forecastle at once, Admiral Markham. 
As the forecastle went under there was a proportionate rise of 

the stern, Admiral Markham. 
Began to settle forward visibly, and heeled slowly but increas- 

ingly to starboard, Captain Bourke. 
Heel increased gradually and evenly up to about 20°, Captain Bourke. 
Gradually filled by the bow and heeled to starboard, Staff Commander Smith. 


Heeled slowly to starboard and settled by bow, so that in 
four or five minutes water came through hawse pipes, 
and in six or seven minutes covered starboard side of 


forecastle before the redoubt, Staff Commander Smith. 
Water rose quickly over forecastle, the ship gradually heeling more 
and more over to starboard, Lord Gillford. 


Water was up to hawse pipes in three minutes, when water nearly 
reached redoubt. The men near bower anchor were up to their 


waists in water, Lord Gillford. 
And the water line crossed the deck at an angle of 45°, Lord Gillford. 
The heel increased gradually and steadily from the beginning up to 

the lurch, Lord Gillford. 
Settled down by bows and heeled to starboard, Lieutenant Heath. 


The water was over the upper deck in about four minutes, Lieutenant Heath. 
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Lieutenant Heath. 


Heel increased gradually up to 2c°, 
As ship went ahead she heeled more and more to starboard, Lieutenant Barr. 
Heeled over about 4° or 5°, and forecastle went under water, Captain Acland. 
Retained this heel for about ten minutes, then lurched to 35° or 40°, Captain Acland. 
Had a heel of about 8°. As ship went ahead heel increased to 

about 18°, or possibly 20°, Captain Moore. 
The ship was very much by the head, and as she turned her head 


still went down, Captain Moore. 


The stern did not rise much; did not see starboard propeller, Captain Moore. 
Had heel of about 8° in two or three minutes. This gradually in- 
creased to 18° or 20° within four or five minutes of collision, Captain Moore, 


As ship went ahead heel increased, and bow went down continu- 
ously for about 10} minutes, when heel was certainly not more 


than 20°, Captain Noel. 


Bow gradually settled down, and heel gradually increased, Captain Wilson. 
Bow gradually settled down until the ship lurched, Captain Custance. 
Not sure that she gave two lurches, Captain Custance. 
Heeled steadily over to starboard until turret reached 


the water, Rear Admiral Vander-Meulen. 


VICTORIA. 
VI.— Condition as to heel and trim just before lurch took place. 


Heel before lurch was Io to 15 degrees, Admiral Markham. 
Bow was very greatly depressed. Heel was not more than 20 

degrees, because officers and men were able to keep their feet, | Captain Bourke. 
Heel was not more than 20 degrees. There was no difficulty in 


walking, without holding on, Captain Bourke. 
Water was up over glacis and washing into turret ports, Staff Commander Smith. 
Men worked at windlass covers till up to their middles in 

water, Staff Commander Smith. 
Capstan was under water, Staff Commander Smith. 
Turret guns remained fore and aft, Staff Commander Smith, 
Had no difficulty in standing before lurch, Staff Commander Smith. 
The heel was under 20 degrees, Staff Commander Smith. 
Lost his footing when ship lurched, Lord Gillford. 
Water was up to turret ports 30 or 45 seconds before lurch, Lord Gillford. 
The turret guns remained fore and aft, Lord Gillford. 
Heel was about 20 degrees, Lieutenant Heath. 
Estimated 20 degrees because he could stand without assistance, Lieutenant Heath. 
Turret guns remained fore and aft, Lieutenant Heath, 
The whole of the port screw was out of water, Lieutenant Barr. 
Heel was about 4 or 5 degrees, and forecastle was under water, Captain Acland. 


Ship remained at heel of 18 to 20 degrees for four or five minutes 
before lurch. Bow was under water. Water was half way 
up turret, half way up battery door, and 6-inch gun ports were 
awash, 


Captain Moore. 
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‘The turret guns remained fore and aft, Captain Moore. 
‘Traced water line on model thus: half way up turret, half way up 
battery door, along the sill of the two foremost 6-inch gun 
ports, and just below glacis of embrasure port on starboard quar- 
ter; not sure that he saw the glacis, Captain Moore. 
Went out through screen to 10-inch gun, saw port propeller com- 
ing out of water, lower blades still touching the water, Fleet Surgeon Ellis. 
Heel was not more than 20°, and water was 2 or 3 feet deep 
up the sides of the turret, Captain Noel. 
Bow was entirely immersed up to turret, heel was about 18°, 
and water was washing against the battery bulkhead, Captain Noel. 
Did not observe battery ports or doors, Captain Noel. 
Turret guns remained fore and aft, Captain Noel. 
Heel from 10° to 12°, Captain Wilson. 
Port screw was not out of water, Captain Wilson. 
Did not observe gun ports, Captain Wilson. 
Step of turret was in the water, Rear-Admiral Vander-Meulen. 
Port screw was partly out of water, Rear-Admiral Vander-Meulen, 
Ship was down by the head with half the forecastle under water, 
heel was about 15°, Captain Jenkings. 
Upper Deck— 
Turret and redoubt :--Turret ports open, Captain Bourke, 
Water through turret ports would pass into the turret well, 
through the turret doors, and so into the redoubt, Captain Bourke. 
6’’ gun ports, battery doors and side scuttles.—Nearly all 
the side scuttles and gun ports were open when manceuv- 
res began, Captain Bourke. 
Thinks they were never closed, Captain Bourke. 
Armored doors in screen bulkhead were also open when 
manceuvre began, F Captain Bourke. 
Thinks they were never closed, : Captain Bourke. 
The after gun ports were certainly open, : Captain Bourke- 
Orders were given to close the gun ports in battery, but 
doubt whether there was time to close them. They were 
certainly open up to that time; just before lurch, Lieutenant Heath. 
No knowledge of any attempt to close the doors in the 
screen bulkhead, Lieutenant Heath. 
Gave orders to close the starboard door in screen bulkhead, 
but almost certain men did not have time to do it, Lieutenant Collins. 
Main Deck— 
Bow tube compartment from stem to bulkhead 7.—Went 
into the fore compartment (called the bow tube compart- 
ment), and assisted in closing the scuttles, one on either 
side . . . Then closed the door that led into the 
bow tube compartment, 
Closed the door a minute after the collision, 
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Fore mess-deck, 7 to 23.—Bow of Camperdown was seen 
by men in fore mess-deck, so that Camperdown must 
have entered before the dividing bulkhead, Captain Bourke. 
Stokers’ mess deck, from 23 to the angle bulkheads, ex- 
cluding coal bunkers at side.—As ship heeled over and 
settled down there was nothing to prevent the water 
from covering the whole of the fore mess deck, as far 
aft as the foremost W.T. door in bulkhead abreast after 
part of redoubt, Captain Bourke. 
Saw doors were closed on the stokers’ mess deck, T. Smith, Artificer. 
Saw water coming through what he thought was probably 
the bulkhead door on the starboard side of the stokers’ 
mess deck. Not sure whether it came from joints of 
door or bulkhead, T. Smith, Artificer. 
Helped to close starboard door between stokers’ and sea- 
men’s mess deck. Also door to same flat to after end 
of stokers’ mess deck. Did not see Camperdown’s bow, 
J. Thompson, A. B. 
Closed the door on the fure mess deck between the stokers’ 
and fore mess deck on port side. A little water came 


through clamps when I left it, A. Blackman, A. B. 
Saw the port foremost door leading to mess deck, and port 
and starboard doors leading to bag rack flat closed, G. Sheriff, P. O. 


Protective or lower deck— 
Water-ballast compartment from stem to bulkhead, 7.—Hatch to 


this compartment closed after collision, R. May, C. P. O. 
Sure of this, R. May, C. P..O. 
Believes this compartment was perfectly tight, Captain Bourke. 


Boatswain’s store, starboard side, 7 to 14.—Hatch leading to 
warrant officers’ store rooms was closed, but not properly 


secured; only about two flys put on it, R. May, C. P. O. 
Door to this store room believed to be closed, Captain Bourke. 
This compartment would be eventually flooded through the 

riding bitts, Captain Bourke. 


Closed the door to the boatswain’s store room on the after- 
noon of the collision, about three minutes after the col- 
lision. Put all clips on he could possibly get to work; 
thinks more than one-half. Was in boatswain’s store at 
time of collision, v C. Bould, A. B. 
Carpenter’s store, port side, 7 to 14.—Hatch leading to the 
warrant officers’ store room was closed, but not properly: 
secured ; only about two flys put on it, R. May, C. P. O. 
Door to store believed to be closed. This store would be 
eventually flooded through the riding bitts, Captain Bourke. 
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Fresh-water tank, 14 to 18.—Hatch leading to tank room was 
closed, but not properly secured; only about two flys put 
on it, R. May, C. P. O. 
It is not certain that the tank-room door was closed, so 
that water would enter tank through armored hatch. 
Would be eventually flooded through riding bitts, Captain Bourke. 
Cable lockers and coal bunkers, 18 to 23.—No. 1 bunker was 
full of coal and open to the sea. Starboard sheet chain 
locker would be full, as the bulkhead was probably dam- 
aged, Captain Bourke. 
Coal bunkers from station 23 to armor bulkhead.—No. 3 re- 
serve bunker was full of coal, as were all the other reserve 


bunkers, to the best of his belief, Captain Bourke. 
No. 3 was opened to the sea by the blow, since bulkhead 
F. 23 was crunched in, Captain Bourke. 
F. 23 was probably so damaged as to allow water to get into 
No. 5 bunker, Captain Bourke. 
Did not know whether door from No. 3 reserve bunker to 
the pocket at head of coal shoot was closed or not, Lieutenant Heath. 
Air-compressing room, port side.—No direct evidence to show 
that door to this was closed, Captain Bourke. 


Sail room, chest room and torpedo store, with turret support.— 
No direct evidence that the hatch leading from turret sup- 
port was closed. It was closed once, but opened again to 


let a man out, Captain Bourke. 
Armored hatch on port side of stokers’ mess deck; saw 
them about closing that as he came by, T. Smith, Artificer. 
Platforms— 


Compartment fore end of capstan-engine room.— Water from the 

capstan flat could go forward through the door of the 

small bulkhead put into the ship at Malta. There is no 

evidence that this door was closed. The compartment 

between the capstan-engine flat and B. bulkhead up to the 

armored deck was full, Captain Bourke. 
Capstan-engine room.— Was full of water, no evidence to show 

that the door between this and the submarine mining flat 


was closed, Captain Bourke. 
Bread room, port side.—Closed and probably not damaged by 
shock, Captain Bourke. 


Saw door to bread room in capstan-engine flat locked in the 
morning after the rounds. Saw all the water-tight clips 


put down, W. Johnson, P. O. 
Boatswain’s store, port side.—Closed and probably not damaged 
by shock, Captain Bourke. 


Closed the door of boatswain’s store room properly before 
the collision in the forenoon, C. Bould, A. B. 
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Carpenter’s store, starboard side.—Carpenter’s store was full, Captain Bourke. 
Torpedo flat, 22 to 27 (afterwards called the submarine mining 
flat).—No evidence to show that the door between this 
and the capstan-engine flat was closed, so that water could 
pass into the submarine mining flat through E. 22. If, as 
I believe, E. 22 was damaged, water would go direct into 
the submarine mining flat, Captain Bourke. 
When closing the door in E. 2 bulkhead, saw water in the 
submarine flat; would not be certain whether water was 
coming through the door in E. 22,or from the side some- 
where. Could not go farther because of the water, C. A. Jacobs, P. O. 
Submerged torpedo room.—Closed the door at the fore end of 
the submarine flat—that would be at the after end of the 
submarine mining flat. Closed it properly, not more than 
one minute after the collision. Would not be certain that 
every clip was on, C. A. Jacobs, P. O. 
Saw any amount of water in the submerged flat when try- 
ing to close the doorin H. bulkhead. Thought it seemed 
to be coming from somewhere through the midship part 
of the foremost bulkhead, R. H. Ruff, A. B. 
Compartments between 35, the ring bulkhead, and 43.—Tried 
to close the sliding door in H. bulkhead in submerged 
torpedo flat; closed it from 6 to 8 inches, when the door 
suddenly brought up, could not move it one way or 
the other, R. H. Ruff, A. B. 
Space for empty powder cases between I. and K. bulkheads, 
—Saw the water-tight flap between the upper torpedo 
room and the submerged flat, closed it himself, 
W. Hainen, Leading Stoker. 
Saw the hatch to the magazine flat in turret support flat closed. R. H. Ruff, A. B. 
Assisted to lower the horizontal hatch down, but did not secure 
hatch, did not know there were any securing bolts. Re- 
ferred to the large hatch in the center of the turret-sup- 
port flat at the top of the ladder leading to magazine flat, 
J. Hennessy, A. B. 
Hold— 
Water-tight compartment, from stem to 7.—Believes this was 
perfectly tight, Captain Bourke. 
Saw the manhole in A. bulkhead properly closed in the morning, 
between 6 and 8. Refers to the lower manhole in A. 
bulkhead, A. E, Churchill, A. B. 
Water-tight compartment, 7 to 12.—Always kept locked; door 
could not be open while hatch to submarine mine stores 
was open, Captain Bourke. 
Saw water chamber door was closed in B. bulkhead on day 
of collision. Could not be opened without my knowing 
it. Kept key myself, Salvo Tabona, Bumboatman. 


Ke. 
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Water-tight compartment starboard side, 12 to 22.—This was 

damaged by blow, 

Closed hatch of starboard water-tight compartment under cap- 
stain engine-room flat, properly, about half-past two in 
the afternoon, J. Marchant, Painter. 

Water-tight compartment below, from 12 to 22, starboard side.— 

Considers ship full below the platform deck between 12 
and 31, with the possible exception of compartment 
known as the old submarine mine room, and the small 
wing compartment beyond it, Captain Bourke. 

Water-tight compartment port side, 12 to 22.—Hatch to this 
compartment was generally open, the compartment being 
in constant use. Standing orders to close the hatch 
when men were not working there. This hatch might 
have been closed, it was not seen after the collision, Captain Bourke. 

Abaft B. 12, thinks it is possible that the fore-and-aft bulk- 
head to the water-tight compartments remained water- 
tight, but is of opinion this bulkhead was rendered not 
water-tight by the tremendous blow, 

I believe, seeing that it was Thursday afternoon, no one was 
in the compartment ; and, if so, I can only reiterate my 
belief that the hatch was closed, Captain Bourke. 

Water-tight compartment starboard side, 22 to 31.-—-Considers 
ship full below the platform deck between 12 and 31, 
with the possible exception of the compartment known 
as the old submarine mine room and the small wing 
compartment beyond it. Starboard water-tight compart- 
ment abreast provision room damaged, Captain Bourke, 

Water-tight compartment port side, 22 to 31.—Cannot say if 

the port water-tight compartment was fuil or not. The 


Captain Bourke. 


Captain Bourke. 


hatch to it was closed, Captain Bourke. 
Saw hatch to water-tight compartment, port side, abaft E. 
bulkhead, closed on that morning, Lieutenant Heath. 


Submarine mine room (used as extra boatswain’s store-room). 
--Had been fitted as a submarine mining room; now 


fitted as boatswain’s extra store room 


door generally kept closed, Captain Bourke. 
Closed the hatch to the old mining room properly, after ‘ 
Captain went his rounds in the forenoon, C. Bould, A. B. 


Torpedo magazine, or guncotton magazine.—Thinks gun- 
cotton magazine full of water in consequence of blow 
probably damaging bulkhead between this compartment 
and the starboard water-tight compartment 22 to 31, Captain Bourke. 

Saw hatch to guncotton magazine abaft E. bulkhead closed 
on morning of collision, 


Lieutenant Heath. 
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Provision room.—The bulkhead dividing this from the star- 
board water-tight compartment was probably damaged 
by blow, Captain Bourke. 

Closed hatch to provision room between g and Io in the 
morning, and screwed it well down; hatch was never 
opened without my being there. Saw all the water- 
tight clips put on, 

Compartment below provision room, &c., 22 to 31.--Con- 
siders the ship full below the platform deck between 
12 and 31, with the possible exception of the compart- 
ment known as the old submarine mine room and the 


W. Johnson, P. O. 


small wing compartment beyond it, Captain Bourke. 
Ejector tank, starboard.—Hatch to starboard ejector was closed 
when the rounds were going, Lieutenant Heath. 


Ejector tank, port.—Did not know if the hatch to port ejector 
tank was closed at time of collision. Believed it was, as 
the men who were probably working there at the time of 
collision would come out and shut the hatch, W. H. Rawlinson, Engineer. 
If double-bottom party were down there at the time of col- 
lision, they would have directly come up, and, I presume, 
have closed the hatch. If, as is probable, the stoker 
double-bottom party were not at work, but having their 
“ make-and-mend clothes” day, then I cannot but think 
that the hatch was closed properly, as the men would not 
be again going down there until the next day, Captain Bourke. 
No. 7 bunker in wings, starboard side.—Bunker empty. The 
horizontal door in armored deck to incline shoot open, 
as also door from No. 5 to the little square place on the 
plan. Men working in shoot at time of collision. No 
evidence that door from No. 5 to shoot was closed, and 
it is almost certain that the horizontal door was not 


Captain Bourke. 


closed, 
Cannot say if coaling shoots from armored deck forward to 


side bunkers were closed and secured in a water-tight \ 
manner prior to or after the collision. Knows that the 

horizontal sliding door leading from No. 5 to No. 7 4 
bunker was open before the collision. Believes door 

from No. 3 to head of shoot was closed, W. H. Rawlinson, Engineer. 

Left No. 5 reserve bunker about 3 o’clock, when door was u 
not shut, two men being in bunker; does not know tl 
whether these men ever came out. Sliding door to shoot 
could not be closed from the pocket, A. E. Neale, Stoker. Ww 

Hydraulic-engine rooms, starboard and port.—Put clips on the 
starboard hatch. Did not close port hatch. The engi- th 
neer officer—one of those drowned—was at the port hatch, J. Hennessy, A. B. hz 


Does not think water penetrated to the hydraulic rooms, Captain Bourke. 
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Admiralty Minute on the question of closing the watertight doors, 
and on the construction and stability of the ship. 


1. The Lords Commissioners of the Admiralty in their Minute, 
dated 28th October, 1893, on the finding of the court martial 
which inquired into the loss of Her Majesty’s ship Victoria, have 
stated that the question of closing the watertight doors of the 
Victoria and the construction and stability of that ship would be 
dealt with separately ; this Minute is therefore promulgated. 

The finding of the court martial concluded with the following 
words: “The court has placed in the minutes all evidence ob- 
tainable with regard to the closing or otherwise of the water-tight 
doors of Her Majesty’s ship Victoria, but it does not feel itself 
called upon, nor does it feel itself competent, to express an opin- 
ion as to the causes of the capsizing of the Victoria.” 

Consequently, on receiving the minutes of evidence, their 
Lordships instructed the Director of Naval Instruction to make 
a thorough examination and analysis of those parts of the evi- 
dence which throw light on these points. The report which he 
accordingly prepared (dated the 15th September and published 
herewith) has been carefully considered by their Lordships, with 
the evidence on which it is based. They find that this evidence 
is ample, notwithstanding the fact that many officers and men 
who would have been valuable witnesses were unhappily lost in 
the disaster. | 

2. Their Lordships have thus been able to complete a full in- 
vestigation into the causes of the sinking of the Victoria and to 
arrive at the definite conclusions hereinafter set forth. 

3. The evidence establishes the following facts : 

(a.) That after the collision the fore part of the Victoria grad- 
ually sunk and the ship simultaneously heeled to starboard, and 
that after this had been going on a short time a lurch occurred 
which resulted in the capsizing of the ship. 

(4.) That up to a very short time (about one minute) before 
the collision took place a large number of watertight doors, 
hatches, and ports were open, and that, owing to the inrush of 
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water, many of these, situated in the forward part of the ship, 
could not afterwards be closed. Many compartments must, 

therefore, have been flooded in addition to those which were 

actually breached by the collision. 

(c.) That the sea rushing into these compartments gradually 
depressed the bow of the ship from its normal position (about 
10 feet above water) to 13 feet below water, or a total depression 
of about 23 feet, while the stern rose about 6 to 7 feet. Thus 
the forward half of the vessel was almost completely submerged. 
This extreme change of trim produced a great diminution of her 
stability. 

(d.) During the same time the heel to starboard (the wounded 
side) very slowly increased until a transverse inclination of 18 to 
20 degrees was attained before the lurch began. 

4. This comparatively slow but continuous change of position 
can only have been caused by the gradual flooding of compart- 
ments adjacent to or in communication with the compartments 
breached by the collision. 

There are many compartments forward respecting which the 
evidence does not clearly show whether or not they were closed 
before the collision. But if only those which the testimony of 
witnesses shows to have been certainly flooded are taken into 
account, the result is a loss of buoyancy sufficient to produce 
the change of trim and angle of heel observed before the lurch 
began. 

5. The great weight of water thus gradually admitted into the 
forward part of the ship might eventually have caused the ship 
to founder by the head. The reason why she capsized before 
foundering has now to be explained. 

6. The armor door on the starboard side at the forward: end 
of the battery, the 6-inch gun ports of that battery, and the tur- 
ret ports were open at the time of the collision, and were not 
subsequently closed. Observers on other ships noted that the 
water had reached such a height as to permit its entry through 
the open turret ports and armor door; also that the ports at 
the forward end of the battery on the starboard side were awash 
at the moment when the lurch commenced. 
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7. The consequent inrush of water into the battery, accom- 
panied by the descent of large quantities of water from the upper 
deck within the battery through open hatchways into the lower 
portions of the ship and the inflow of water through the turret 
ports, necessarily had the effect of suddenly destroying the ship’s 
stability, already very seriously reduced by the submergence of 
the bow, and of making her capsize. 

8. The capsizing of the Victoria under the special circum- 
stances above described does not suggest any insufficiency of 
stability in the design of that vessel. The provision made was 
ample for all requirements. When fully laden and in seagoing 
trim the metacentric height was 5 feet, stability reached its max- 
imum at an angle of 34} degrees to the vertical, and the.range 
of stability was 674 degrees. 

g. The question remains, what would probably have happened 
if all doors, hatches, &c., had been closed in the Victoria before 
the collision took place. Investigation shows that while the loss. 
of buoyancy must in that case have been considerable, yet, mak- 
ing all due allowance for probable damage, the ship would have 
remained afloat and under control and able to make port under 
her own steam. Her bow would have been depressed about to 
the water level; her heel to starboard would have been about 
one half of that observed before the lurch began ; her battery 
ports would have been several feet above water, and she would 
have retained ample stability. 

10. The detailed evidence establishes the fact that watertight 
doors, hatches, &c., in the Victoria, were in good order. It con- 
tains nothing which suggests a doubt of the efficiency of the 
system of watertight subdivision existing in the Victoria. At the 
parts affected by the collision the subdivision was minute, but 
doors were left open. According to the established practice of 
the Admiralty in all classes of ships, the number of watertight 
doors is made as small as possible consistently with the essential 
conditions for working and fighting the ship. 

11. The evidence clearly shows that the existence of lon- 
gitudinal watertight bulkheads in the Victoria was not the 
cause of her capsizing. There were only a few minor longitudi- 
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nal partitions in the fore part of the ship. Many of these were 
inoperative because of damage or open doors. 

12. It also proves that the loss of the ship was not due to in- 
juries sustained above the protective deck. Those injuries pro- 
duced a loss of buoyancy forward which was unimportant com- 
pared with that resulting from the flooding of compartments 
below the protective deck. 

13. The fact that the Victoria was not armor belted to the bow 
had no influence upon the final result of the collision. No 
armor belt could have prevented the ripping open of the bottom 
below water by the ram bow of the Camperdown and the flood. 
ing of the compartments to which water could find access through 
the breach. 

14. In conclusion, their Lordships are of opinion that the 
general structural arrangements of the Vic/oria (similar in many 
respects to those of other ships in Her Majesty’s navy), with the 
arrangements of watertight doors, armored belt, and protective 
deck, did not by any fault of principle contribute to the loss of 
the ship; but that, on the contrary, had the watertight doors, 
hatches, and ports been closed, the ship would have been saved, 
notwithstanding the crushing blow which she received from the 
Camperdown. 

15. The duty remains of taking every possible step to prevent 
the recurrence, under similar circumstances, of the conditions 
which, after the collision, resulted in the loss of the ship. 

Regulations will therefore be issued to the fleet which, while 
maintaining the responsibility and discretionary powers of com- 
manding officers, will insure that, under special circumstances, 
and particularly when there is risk of collision, doors, hatches, 
&c., shall be kept closed as far as possible and men stationed at 
any that are necessarily left open. 

These regulations will also direct that, under certain condi- 
tions arising out of collision or under water attack, the gun 
ports and other openings in the upper structure shall be closed 
before water can enter and endanger the stability of the ship. 
Apmiracty, October 30, 1893. 
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CAPTAIN BOURKE’S TESTIMONY. 


The following part of Captain Bourke’s testimony brings out 
some points which may be of interest. 

There is no direct evidence that the hatch leading from the 
turret escape, up which the men whose station it was to close 
the doors abaft H, was closed. After coming up the turret es- 
cape there is evidence that the hatch was closed, because one 
man was shut in, and, as he describes, he thought he was done 
for, but the hatch was opened again and he escaped. But there 
is no one saved who can say whether that escape hatch was 
shut a second time, but it would seem probable that it was so, as 
it was quite certain that it must have been in the men’s minds 
that it was necessary to shut it, having already done so once, 
but I can produce no evidence that it actually was closed. I 
could only say that it had been closed once, and, I suppose, the 
people who closed it suddenly remembered that there was one 
of them not up, opened the hatch and let him out. The door 
at the fore end of the main passage was closed. With reference 
to questions which were put, arising from the fact that the helm 
jammed after the collision, there is no evidence to show whether 
water actually entered the hydraulic room or not, but I should 
like to explain to the Court the lead of the exhaust steam pipe 
which was in communication with the hydraulic engine on the 
starboard side. The exhaust steam pipe for the starboard hy- 
draulic engine was, I believe, an 8-inch pipe. It started from the 
auxiliary condenser aft, went along the tops of the boilers, then 
dipped down to the starboard hydraulic room. From there it 
went forward, and I think I am right when I say in the sub- 
merged torpedo flat it branched, and the same exhaust steam pipe 
was used for the capstan engine. There was no valve between 
the exhaust steam pipe for the capstan engine and the hydraulic 
engine. Therefore, if by the shock of the collision that exhaust 
steam pipe was broken, there was free communication for the 
water to run back through that exhaust steam pipe to the lower 
level and so stop the hydraulic engine. But that would not fill 
the hydraulic compartment, it would only stop the engine. There 
is further evidence, I think, that probably this engine must have 


a 
A 
= 
a 


92 LOSS OF H.M.S. VICTORIA. 

been stopped, as although there is every reason to believe that 
the valves were open to admit pressure to the hydraulic boat 
hoist, the pressure never got there. The port ejector tank was 
where the stoker double-bottom party had been employed. None 
of these men were saved. The ejector tanks, as were all other 
such compartments, were always closed at sea, and, as I have 
before stated, I can only suppose that if the stoker double-bottom 
party were not at work there, this hatch would have been closed. 
If they had been at work there, they had plenty of time to leave 
their work and close the hatch after them. It was a small hatch 
about 2 feet square. 

As the ship settled down the water undoubtedly entered 
through the turret ports which they had not time to close. The 
water ran into the turret, then filled up the well underneath the 
100-ton guns, and from there ran out through the door on either 
side of the turret and filled up the redoubt. From there its only 
escape would be either through the small louvres of the venti- 
lating system of the ship and down, or through the turret escape 
hatch into the flat below. The turret escape hatch shut from 
up down, so that the pressure of water on top would tend to 
shut the hatch and not to open it. The water could also find its 
way down through the ammunition hoists to the magazine. I 
would add that though the ports of the turret were not shipped, 
if the water rose to the top of the turret there was absolutely 
nothing to prevent it from pouring down through the gratings 
on top of the turret guns. There were no means of making 
that water tight except by a canvas cover. 

Is the ammunition hoist a water-tight compartment, where it 
passes through the flat between the redoubt and the magazine ? 
Yes. 

Were there any large ventilating trunks passing below the 
protective deck from the submarine mining flat aft? Yes, there 
was a delivery from the ventilating trunk in the submarine min- 
ing flat. 

Who will be able to tell us more accurately what the lead of 
those large trunks was? I think Mr. Rawlingson, the engineer, 
could give you a clearer account of it than I could, as I am not 
quite certain. 
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Mr. Rawlingson was then called and questioned as follows by 
the Court: 

Can you say what the two small water-tight scuttles marked 
in the plan abaft the turret support, one being in the air-com- 
pressing room and the other in the well room on the starboard 
side, were? No; I cannot say. I do not remember seeing 
them at all. 

The two following questions were asked on cross examination 
by Captain Bourke: 

Is it possible that the two places shown as hatches on the 
Admiralty drawing referred to in the last question could be 
what is marked in other plans as “ escape from hydraulic room,” 
and was it the trunk to which an exhaust fan was fitted to pump 
the hot air out of the hydraulic room up into the funnel casing ? 
The witness, having referred to the plans, said: The escape for 
the hot air from the hydraulic engine room by means of an ex- 
haust fan is in the same position as the watertight Scuttles 
shown on the Admiralty drawing. 

Then you are of opinion that the scuttles shown on the Ad- 
miralty drawing are actually the trunks over the hatch, or those 
passing from the hydraulic room to the funnel casing? Yes. 


CAPTAIN BOURKE’S DEFENCE. 


Matta, 27th July, 1893. 

Gentlemen: In placing before you the defence of the surviv- 
ing officers and men on their trial for the loss of H.M. ship 
Victoria, 1 would first express to you and to the service in gen- 
eral with what true and sincere feelings we one and all tender our 
thanks for the very great sympathy and kindness which has been 
shown to us on all sides. Everyone seems to have striven to 
lighten our sorrow and help us in our distress, and I seize this, 
perhaps the only public way open to me, of expressing the senti- 
ments of us all. I can only add that none of us will ever for- 
get it. 

2. I now pass to the question of the time shortly preceding 
the accident. The evidence, I think, is clear on the subject, and, 
with some slight additions made by Staff Commander Hawkins- 
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Smith and Flag Lieutenant Lord Gillford, is much the same as 
in the statement first forwarded. In my original statement I 
represented the Staff Commander to have said to the Admiral 
that eight cables would be better than six. In Staff Commander 
Hawkins-Smith’s evidence he states he said that to perform that 
manceuvre the distance should be at least eight cables. 

I wrote the report and gave it as my impression that the words 
used by the Staff Commander were exact, but I am glad he has 
had an opportunity of correcting any statements made by me 
which may have given the Court an erroneous impression. 

3. I must now pass to the most painful part of my evidence, 
and I am sure the Court will understand the hesitation on my 
part as to stating what actually took place between the late Com- 
mander-in-Chief and myself. I can only say that I have repre- 
sented to the Court to the best of my recollection what actually 
did pass. The interview was very short, and I followed the Flag 
Lieutenant on deck almost immediately. Then comes the ques- 
tion with what impressions I left the late Commander-in-Chief’s 
cabin concerning the manceuvre in question. 

4. I may say that in manceuvres of any sort the Commander- 
in-Chief, except to discuss as to the actual position of anchoring, 
never consulted any one as to the manceuvres he intended to 
carry out. I even think that the Flag Lieutenant very seldom 
knew any intention of the Admiral until the moment of the sig- 
nal. I do not say this to lead the Court to suppose that I for 
an instant think I ought to have been consulted. On the con- 
trary, there was no more reason for consulting me as to man- 
ceuvres than any other captain in the squadron. The Com- 
mander-in-Chief was always ready and glad to discuss any 
manceuvre after it had been performed, but I never knew him to 
consult any one before. 

5. So it comes to my impressions. I must say that I think 
any impressions I did have arose from my absolute faith and 
confidence in the Commander-in-Chief, and my idea is that I left 
that cabin not understanding what was going to happen or how 
it was to be done. I would add, I think that no one ever criti- 
cised the Commander-in-Chief as to what he intended to do. I 
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do not know to what extent I may go, but I do not seem to 
think that open criticism to one’s superior is quite consonant 
with true discipline. Representations may be made and sugges- 
tions put forward which may show to the superior officer the 
points on which these suggestions or representations are based, 
but to acknowledge an open criticism to an order as necessary 
from subordinates is to set out on a dangerous course, striking 
deep at the foundation of discipline and responsibility. 

6. Sir George Tryon had a master mind. He loved argu- 
ment, but was a strict disciplinarian. He always used to say he 
hated people who agreed with him, but that again was different 
from arguing against a direct order. With this and the fact that 
I was serving under an Admiral whose experience was far- 
reaching and whose vast knowledge of the subject of manceuvre 
was admitted by all, I seem to have left his cabin mot clear in 
my mind what was to happen, but confident somehow that the 
Commander-in-Chief himself must be clear as to his intentions. 

7. I think at this point I should introduce a subject which 
has come out in evidence. It was rather inferred by two wit- 
nesses that certain doubts had arisen in their minds before as to 
manceuvres carried out by Sir George Tryon. When I say doubt 
I may perhaps put it too strongly, but my impression was that 
the witnesses said they were not clear in their minds on the 
occasions referred to. In justice to the late Commander-in- Chief 
I asked what these were. In one case the Court was told that 
one division was sent three miles ahead and then ordered to alter 
course 16 points and return. This was off Boudroum, in the 
eastern entrance to the Kos Channel. I submit this could hardly 
be classified as a manceuvring signal, though, of course, the 
Second Division could not tell why they were sent the three 
miles ahead. But it must shortly have been evident when the 
First Division’s movements and turns were observed. The Sec- 
ond Division had been not manceuvred, but detached, to perform 
a specific duty, and it was not necessary or convenient, under 
the circumstances, to convey to them the projected movements 
of the First Division. They were detached to represent an enemy 
attacking in line ahead. 


a 

/ 


096 LOSS OF H.M.S. VICTORIA. 


8. I now pass to the moment of the hoisting of the signal 
which directed the columns to turn inwards. 

First, as regards that signal: 

I submit it was the right and proper signal to hoist when 
directing the two columns to turn inwards 16 points in succes- 
sion. I also submit that the fact of the Second Division signal 
being hoisted superior to the First Division signal has no bear- 
ing on the case. The signal to the second Division was a 
specific signal to that division, and that division only, and it mat- 
tered not one iota where it was hoisted. Further, I submit that 
there was only one meaning to the signal as it was flying and 
seen by the remainder of the squadron, and that that meaning 
was neither more nor less than that the Second Division was to 
alter course 16 points to starboard in succession, preserving the 
order of the fleet, and the First Division to alter course in suc- 
cession 16 points to port, preserving the order of the fleet. 

The Commander-in-Chief gave the order for this signal to be 
bent on while he was on the after bridge. He then came for- 
ward on to the top of the chart house where I was and also the 
Staff Commander, the Officer of the Watch, Mr. Lanyon, Mid- 
shipman, and J. Baggett, Yeoman of Signals. 

g. When going to an anchorage or when manceuvring without 
signals the Commander-in-Chief always came forward to the fore 
bridge or chart house. When going to an anchorage with the 
squadron I took all my orders from the Commander-in-Chief as 
to easing engines and stopping the ship, informing him when 
we were respectively 1 mile, 4 cables, and 2 cables from the an- 
chorage. 

When manceuvring without signals the Commander-in-Chief 
gave me all the directions as to the movement of the helm. On 
all occasions of manceuvring by the General Signal Book or the 
Manceuvring Signal Book the Commander in-Chief was aft. 

It used to be a common saying with him that the Admiral’s 
eyes should be aft and the Captain’s eyes forward. 

10. When the signal directing this manceuvre was hoisted the 
Camperdown did not hoist her signal close up. The Admiral 
then asked who she was waiting for, and the Flag Lieutenant 
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went aft a little to see if she was waiting for any ship in the First 
Division to answer. 

While the Flag Lieutenant was aft the Commander-in-Chief 
ordered the Camperdown’'s pendants to be shown and a sema- 
phore to be made to her “ What are you waiting for?” 

When the signal was hauled down the Commander-in-Chief 
made the remark, ‘Go on.” The Staff Commander actually 
gave the orders for the helm. 

It was very soon after this that I said to the Admiral words to 
the effect that “ We had better do something ; we shall be too 
close to that ship.” 

Then I told Mr. Lanyon, Midshipman, to take the distance of 
the Camperdown. 1 remember being impatient with him, and he 
eventually, I think, said, “ 3} cables;” but I remember at the 
time thinking the distance was underestimated. It was then I 
asked the Admiral’s permission to reverse the port screw, 
which request I repeated two or three times, I think. At last he 
said “ Yes,” and the port telegraph was immediately reversed, 
and shortly after I reversed the starboard telegraph. 

The order for closing water-tight doors was given about one 
minute before the collision. 

11. I stated in my evidence that I did not think the “ way ”’ 
of the ship had been appreciably diminished. I should like to 
say that by that I meant that actually, from the moment of turn- 
ing astern with both engines to the time of the collision, the 
speed during that .time was not materially diminished. Un- 
doubtedly, putting the helm hard over and after that reversing 
one screw did check the ship’s “ way,” and I estimate that at the 
moment of the collision the Victoria's speed must have been 
about 6 knots or perhaps less. 

12. A question was asked whether any orders existed in the 
fleet to the effect that inner screws at manceuvres were not to 
be backed, or, more generally speaking, that ‘ships were not to 
“jockey” with their screws. There were no such orders from 
the Commander-in-Chief, but under ordinary circumstances of 
manceuvre I was aware that he did not like the practice. 


The question which now presents itself is whether with the 
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Admiral beside me on the chart house, he being in full view of 
the manceuvre, I should have acted as to reversing the screw or 
doing something without reference to him. 

This question can only be answered by the Court, and in leav- 
ing the decision in their hands I have two points to lay before 
them : 

1st. That the Commander-in-Chief was there and on the chart 
house absolutely beside me, and, in a certain degree, conducting 
the manceuvre of the Victoria. 

2d. That whenever he had been forward before, it had been his 
custom, going to an anchorage with a squadron, to himself give 
directions about the engines. 

I do not for a moment wish the Court to suppose that I am 
anxious to throw off any of the responsibility which, under all 
circumstances, rests with the captain of a ship. I have only to 
lay before the Court that my position at the moment the man- 
ceuvre commenced was one which I fancy very few, if any, have 
ever experienced in the service, especially in the presence of a 
master mind such as that of the late Commander-in-Chief. 

A question was asked as to what I should have done had the 
Admiral been at his usual post during manceuvres, namely, on 
the after bridge. To that I must honestly say, “I don’t quite 
know.” But my feeling is that I should have taken more stren- 
uous action at an early period of the manceuvre, and without the 
sanction of the Commander-in-Chief, and I think I should have 
sent aft to inform him of what I had done. 

13. Many questions have been asked as to the fact of the 
Commander-in-Chief hailing the Camperdown to “ goastern.” I 
seem to be sure that this hailing took place after the collision. 
I do not think it was before, at least I never heard it, and I did 
hear it afterwards. 

14. I wish now to refer to the signal from the Camperdown— 
“Did not quite understand your signal.” Evidence given by eye 
witnesses on board the Victoria would seem to point to the fact 
that for some reason, probably the rapidly changing relative 
bearing of the two ships, this signal was not taken in or reported 

on board Victoria before the collision. I was close to the Com- 
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mander-in-Chief the whole time, and I must say I never heard 
it reported. 

It is in evidence that I E was hoisted by the Camperdown just 
as the turn began, and it seems possible, as I before stated, owing 
to the constantly varying relative bearings, that the signal was 
not properly taken in until the last or nearly the last moment. 
The evidence on this point is, I submit, most conflicting. What 
seems clear is that the Camperdown hoisted I E as the turn be- 
gan. 

15. I now pass to the moment of collision. The evidence of 
most witnesses seems to show that the Camperdown struck rather 
from aft than from forward. The Staff Commander of the Vic. 
toria states that the Victoria's head had almost touched W.N.W., 
and the Navigating Officer of the Camperdown says that the 
Camperdown's head was S.W. by S. This would give the angle 
of impact as one point abaft the beam. This is strong evidence. 
I, of course, only judged it by eye, but I must confess that it 
struck me at the moment that the angle of impact was more as 
I stated it. Perhaps I might modify that statement. The angle 
of impact may have been at right angles to the curve of the 
ship’s side, but it did not look to me as abaft the beam. This 
impression seems to be borne out by the written statement placed 
in Court by the Chief Constructor concerning the damage to the 
bow of the Camperdown. 

16. What I saw of the collision was the Camperdown's stem 
crushing in the upper deck about Io or 11 feet, the upper deck 
being ploughed up and the wooden deck splintered in every 
direction. 

The sterns of the Victoria and Camperdown swung slightly to- 
gether. The Camperdown backed out clear, I suppose, not more 
than a minute from the moment of striking the Victoria, and at 
an angle of 20° abaft the beam. 

17. It was at this moment I said to the Commander-in-Chief, 
“T think I had better go below to see about the doors,” and he 
said, “ You go below to look after the doors; I will attend to 
the engines.” When I left the deck the engines were stopped. 
I then went below, as described in my first report. 
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18. When I was in the flat on the main deck, before M bulk- 
head and abaft the angle bulkhead on the starboard side, there 
was certainly an order passed down for everyone to go on deck, 
but I have entirely failed to discover who gave that order. I 

‘certainly heard it myself when I was in the flat, and I do not 
think it emanated from anyone below in the flats. I state this 
so as to dispel any idea that the men were in a panic below. 
They went up the ladder in a quiet and orderly manner. 

I am convinced that all side scuttles were properly closed in 
the after flats. Only two marine ward-room servants were saved, 
but I feel almost certain that they all carried out their duties, 
namely, to close those scuttles. I had never heard of any omis- 
sions under this head when exercising closing water-tight doors. 
I can call evidence as to the scuttles in the Secretary’s cabin and 
Commander-in-Chief’s office, which, perhaps, might be consid- 
ered doubtful as to whether open or closed. I may say they 
were closed properly. 

19. When I came up from below and passed through the flat 
abaft M bulkhead, which must have been a minute or less before 
the ship gave the lurch to starboard, I can only say that there 
was no water in that flat, neither did I hear the sound of water 
rushing in. There were no scuttles in the flat before M bulk- 
head. 

20. I wish, again, to refer to my interview with the Fleet En- 
gineer, after I had left the engine room and met him about half 
way along the main passage. The electric lights in the main 
passage were burning very dim, and I even ran into the Fleet 
Engineer before I saw him. I feel sure when he said to me that 
“all was tight, as far as he could make out, abaft the foremost 
boiler room,” that he meant the fore end of the foremost boiler 
room. I cannot think that the water could have entered that 
boiler room without his being aware of it. If, by any chance, 
the horizontal door close to No. 5 bunker, leading into the slop- 
ing shoot, had been closed when water-tight doors were closed, 
no water could have reached No. 7 bunker, and even if No. 7 
bunker had filled with water there was the door leading into the 
stokehold that could be shut in a moment. Therefore, 1 am 
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strongly of opinion that the water never penetrated into the fore 
boiler rooms. Neither do I think it penetrated into the hydrau- 
lic rooms, which were before the boiler room; but I do think 
that my theory concerning the stopping of the starboard hydrau- 
lic engine, and consequent jambing of the helm and failure of 
the hydraulic boat hoist, is the correct one, namely, that the 
water flowed back through the probably damaged exhaust steam 
pipe in the capstan-engine flat. I do not propose to refer any 
more to a long statement made by me concerning the amount of 
water which I supposed entered the ship, but in estimating it I 
did not very closely consider or make any particular statement 
respecting the terrible wrecking of compartments, decks and 
bulkheads that must have taken place forward when the blow 
was delivered. No one can imagine the feeling at the moment 
of collision. It was not a shock, nor was it a blow, but we felt 
the ship being carried bodily sideways, and by one witness this 
was estimated as a ship's breadth, 70 feet. 

Also, a statement is made by Commander Jellicoe, who was 
sick at the time and in bed in his cabin aft, which shows the 
power of the blow. He states that, at the moment of the colli- 
sion, the foremost bulkhead of his cabin seemed to be momenta- 
rily wrenched, and looked as if it was going through the ship's 
side. If this wrenching strain went on aft, what a terrible effect 
it must have had forward. 

21. With regard to the question of efficacy of the automatic 
air valves in the ship. During the late winter months, when the 
Victoria was in dockyard hands, I ordered that the closest atten- 
tion was to be directed to all the air valves, and I frequently 
asked questions about them, and I feel pretty certain that every 
one of them was overhauled thoroughly by the dockyard. They 
were not tested after the ship recommissioned. The ship left 
dock on the 8th of May, and we left for the summer cruise on 
the 27th of May. 

22. Evidence at great length, concerning which water-tight 
doors were open and which closed, has been placed before the 
Court in statements supported by witnesses, and I have nothing 
further to add than that my firm belief is that all hatches and 
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doors, not used as gangway hatches and doors, were closed before 
the collision, in accordance with the orders of the ship when at sea. 
Direct evidence seems to show that all doors and hatches be- 
tween E 2 bulkhead and the main passage door on K bulkhead, 
inclusive, below the upper deck, were closed before or after the 
collision, except the sliding door in H bulkhead, the door lead- 
ing to the small air-compressing compartment before K bulkhead 
the port side, and probably the horizontal door in the armored 
deck leading to the sloping coal shoot, and the door of No. 5 
bunker. 

No direct evidence shows that the hatch of the port-ejector 
tank was closed, but I think I have produced strong presumptive 
evidence that it must have been so. 

I may add, that closing water-tight doors, placing collision 
mat and general collision stations, had been frequently exercised 
from the time the ship was commissioned. 

23. A question was asked me by the Court—Why the order 
to close water-tight doors was given so late as one minute before 
the collision? My answer was—It was given when it was seen 
the collision was imminent. I can only refer back to a former 
sentence in my defence, where I stated that my position was 
one which I fancy very few, if any, have ever experienced in the 
service. It did not strike me as necessary to close the doors 
when the signal was flying or immediately after it was hauled 
down. 

24. I have little more to add now. When I left the main 
passage and passed through the after flats to come on deck, I 
saw no one down there. When I got on the upper deck I saw 
the men fallen in on the port side. I went up the after bridge 
ladder, and there I found officers and men in their stations for 
hoisting out boats. 

I saw Commander Jellicoe, although on the sick list, on the 
port side of the bridge, with the flags in his hands for the signals 
to the topping lift and purchase of the derrick. I then went 
along the fore-and-aft bridge with a view to reporting to the 
Admiral the result of my inquiries below. When I arrived at 
the foremost cutter’s davit the ship gave the lurch described, 
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and appeared to turn straight over to starboard. My belief is 
that the heel, when the lurch mentioned took place, was not 
more than 20°, as I had no difficulty in walking along the fore- 
and-aft bridge, and had not to hold on to anything. I must say 
that immediately before the lurch described by so many wit- 
nesses I had no idea that the end was so near. 

25. 1am of opinion that the whole ship’s company, officers 
and men, were on deck, except the poor fellows in the engine 
rooms and boiler rooms. They were all on the port side of the 
upper deck, fallen in. When, at last, the men went over the 
ship’s side I cannot help thinking that the majority got outside 
the ship. Those who were fortunate enough to be washed away 
from the wreck were, I think, probably all saved, but of those 
who found themselves immediately over the sinking ship the 
majority must have been overwhelmed by the terrible agitations 
of the water, and many, possibly, were struck by the wreckage 
and loose spars floating up. 

26. The opinions are conflicting as to whether any explosion 
of boilers took place. In my first statement I mentioned an ex- 
plosion, but I might well have mistaken the agitation of the 
water for the explosion of the boilers. I certainly heard or felt 
no explosion in the water, and I can hear of no one now who 
can say he felt the water hot. 

There is no doubt that amongst the stokers and marines there 
were many who could not swim, or who were indifferent swim- 
mers. In those cases I am afraid they had a very bad chance. 

It should be noted, I think, that of those saved the position 
in which they were in the ship when she cazsized seems to have 
made no appreciable difference. Officers and men were picked 
up who were in every various part of the upper deck, and no 
particular place appears to have governed the proportion of 
those saved. 

27. In the course of the inquiry, opinions have been given as 
to whether the signal ‘‘ Negative K.Z.,” meaning “ Negative send 
boats,” contributed in any way to the great loss of life. In my 
opinion, one which I may say is shared by all the surviving 
officers of H.M. ship Victoria, this signal made no difference in 
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the amount of people drowned. It must be remembered that 
this signal was made when, immediately after the collision, the 
Flag Lieutenant reported that the Dreadnought was lowering her 
boats. It is clear that the Commander -in-Chief had in his mind 
the possibility of reaching shallow water, and actually turned 
the ship towards the shore. The Staff Commander states the 
speed had perhaps reached two to three knots. 

It would have been very inconvenient for the ships to have 
followed the Victoria with their boats in the water. Further, I 
think it was very fortunate that the boats of the squadron were 
not all clustered round the Vctorza. I am strongly of opinion 
that if this had been the case many of the boats might have re- 
ceived severe damage from wreckage, and in some cases en- 
dangered up to a point of being capsized by the agitations of 
the water. 

It must not be forgotten that a semaphore was made, “ keep 
boats in readiness, but do not send them.” 

Those who experienced the terrible agitation of waters con- 
sider that it was to this that the great loss of life must be 
attributed. Vast quantities of spars and wreckage shot to the 
surface, wounding many, but to the great upheaval of water I 
attribute the serious loss of life. Iam further of opinion that no 
boat could have worked effectually immediately in the vicinity 
of this terrible swirl. 

28. At this point, having I trust touched upon all the impor- 
tant facts brought out in evidence, I shall refer to the order and 
discipline by which all were influenced in the short but terrible 
time between the ramming of the Victoria and her capsizing. 

When the crushing blow delivered by the ram of the Camper- 
down was felt, the impression which passed through everyone's 
mind must have been one of serious apprehension. No one in 
the ship, knowing what had happened, could have failed to ap- 
preciate that the conditions were certainly serious. With this in 
view, I should like to lay before the Court a few remarks on 
what I submit was the discipline and self-control which was ex- 
hibited by all. There was absolutely no panic, no shouting, no 
rushing aimlessly about. 
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Officers went quietly to their stations, and everything was 
prepared, and the men were all in their positions for hoisting 
out boats or performing any duty that they may have been 
ordered to carry out. The men on the forecastle worked with 
a will until the water was up to their waists, and it was only 
when they were ordered aft that they left their work to fall in on 
the upper deck with the remainder of the ship’s company. 

In the case of the men working below, I was a witness to their 
coolness. When the order was passed down for everyone to go 
on deck, there was no haste or hurry to desert the flat. I can 
further testify to the men below in the engine room. In the 
starboard one, all were in their stations, the engineer officer was 
there, the artificer, and the stokers. I am sure that those in the 
port engine ,room and the boiler rooms were equally true to 
themselves, to the country they were serving, and to the trust 
that was reposed in them. ' 

In all the details of this terrible accident one spot especially 
stands out, and that is the heroic conduct of those who, to the 
end, remained below stolidly, yet boldly, at their place of duty. 
All honor to them especially ! 

The men fallen in on the upper deck also showed the same 
spirit. I would recall to you what I described in my evidence. 
When the men were turned about to face the ship’s side, it must 
have passed through the minds of many that to “ look out for 
oneself” would be the best thing to do. The men must have 
seen the others coming from forward wet, which in itself might 
have increased their apprehensions. This order to turn about 
was given apparently about a minute before the end, and I can 
hear of not one single instance of any man rushing to the side. 
It only wanted two or three to start a panic, but I think it should 
be on record that not one was found who had not that control 
over himself which characterizes true discipline and order. It 
has been shown in evidence that no one jumped from the ship 
until just as she gave the lurch, which ended in her capsizing. 

29. I imagine there is not a single survivor who can give any 
clearer reason for his being saved than that he was more fortu- 
tunate than his neighbors. 
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There is one deeply sad circumstance connected with the acci- 
dent, and that is the very large proportion of midshipmen who 
lost their lives. These young officers at the commencement of 
their career were thus cut off; but it will be to their undying 
honor that, young as they were, they also showed that spirit of 
trust and bravery, and one and all remained at their posts on deck 
to the end. 

30. There is no doubt that among those lost many individual 
acts of heroism and disregard of self must have been displayed, 
but I regret I am only in a position to state one. This is the 
case of the Reverend Samuel Morris, Chaplain of H.M. ship 
Victoria, than whom no one in the ship was more beloved or 
respected. It is his words—‘ Steady, men, Steady —when the 
end came, which bring before one the appreciation of his cool- 
ness and valor. 

Even at the moment of the ship capsizing we only hear of him 
careless of his own safety, exhorting the men to be cool and 
calm. 

In his daily life on board he mixed with the men, knew all 
their thoughts and advised them in their troubles. A noble 
character like this inculcates by his example the discipline and 
obedience which was shown on board the Victoria. 

31. Amongst those saved equal acts of bravery and coolness 
were displayed. It has been my privilege to forward some 
names to the Commander-in-Chief, for the part they took in 
saving life. 

32. I have now to conclude my statement by expressing my 
own deep grief and that of the survivors of H.M. ship Victoria 
for the terrible loss we have sustained in the death of the late 
Commander-in-Chief and so many of the officers and crew of 
our ship. It is a feeling deep and sincere which must ever re- 
main in the hearts of us all. For myself, I cannot pretend to 
describe the overwhelming loss which I have experienced in the 
death of my Chief and my kindest friend. He was always ready 
to help and advise, there was never anyone in trouble whose 
cause he would not identify himself with. 
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It is not necessary for me to praise him as an officer. Every- 


one who knew him, aye, and many others, acknowledged his 
worth. It adds doubly to my sorrow when I know that the 


service has lost one of its best and most capable leaders. 
Maurice A. Bourke, Caffain. 


THE INJURY TO THE CAMPERDOWN. 


Mr. White’s report necessarily contains very little information 
on the injury sustained by the Camperdown, but the minutes of 
the proceedings of the court martial at Malta contains much 
that is of interest, besides the illustrations, which are here repro- 
duced. The following letter of the Chief Constructor of Malta 
dockyard is the one referred to by Mr. White on page —, and 
was submitted to the Court, together with a model of the Victoria, 
to facilitate an understanding of the injury received by that ves- 
sel: 

Matta Yarp, 26th July, 1893. 

In estimating the damage done to the bow of the Victoria from 
the collision with the Camperdown, 1 have formed my opinion 
entirely from the results of the collision shown on the stem and 
bow of the latter ship. On examination in dock I found that 
the stem was broken off abruptly at about the height corre- 
sponding with the armor deck of the Victoria, the part of stem 
below the fracture being driven over to port about 18 inches, and 
bent in a fair curve which commenced about 20 inches above the 
prow support at armor deck. The bow plating on the port side 
was sheared off along the upper edge of the 2-inch strengthening 
plate to ram, and doubled completely round inboard to a distance 
of 15 feet 3 inches aft from the extreme fore end of ram, extend- 
ing a short distance above the fracture of the stem. Above this, 
to the upper part of the stem, the bow plating on the port side 
was driven considerably over to port, and showed unmistakable 
signs of the upper piece of stem above the fracture having been 
forced over towards the port side. On examining the fracture of 
stem I found an indentation on the starboard side of the fracture, 
apparently where the Victoria’s armor deck first came in con- 
tact with the stem of Camperdown. At the same height the 


= 2 
‘ 
= 


108 LOSS OF H.M.S. VICTORIA. 


starboard plating, where it ends on the stem, had received a se- 
vere blow, and was driven over to port, at this point only show- 
ing a deep indentation and fracturing the plate at a rivet hole. 
These results confirm my opinion, that the force of the blow was 
delivered in a slightly oblique direction from the normal to the 
curve of the Victoria’s bow, by the starboard angle of the front of 
the Camperdown’s stem. The starboard plating is scarcely in- 
jured beyond the fractures, and in some of the rivet holes where 
the stem was forced away from it. The two ships were ap- 
proaching each other under opposite helms, Victoria under star- 
board and Camperdown under port helm, the shock would, 
therefore, considerably increase the turning movement of both 
ships, and would rapidly alter the angle at which they first col- 
lided, tending to bring their sterns towards each other, freeing 
the starboard bow of Camperdown as the stem cut its way in, 
but forcing the port bow further into the breach made by the 
stem in the side of Victoria, From indications on the gunwale 
of Camperdown and on the port-bow plating it is estimated that 
the bow of that ship at the upper deck penetrated the Victoria 
about 9g feet. On this assumption I have formed my opinion of 
the damage done to Victoria’s bow, &c. For the area of the 
aperture I have allowed an average of 2 feet beyond the actual 
section of the bow of the Camperdown which penetrated the 
ship, for the increased damage done to aperture at the side due 
to the ship’s alteration of colliding angles after they struck. 
With the swinging of the ships, I think it probable that the bulk- 
head of starboard chain locker was injured and displaced, and 
that it is possible the bulkhead of the capstan engine flat was 
forced, Nos. 22 and 23 transverse bulkheads being driven in 
when the ships struck. From this it will be seen that the ship's 
side was opened up from the gunwale to within a short distance 
of the water tight flat lately fitted in the ship. 

As the order for closing water-tight doors does not appear to 
have been given until a very short time before the collision took 
place, it would seem probable that very few of the doors or scut- 
tles could have been properly secured before the men, whose 
duty it was to close them, were driven back by the inflow of 
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water. I have assumed that below the main deck the water- 
tight doors and scuttles between the collision bulkhead and sta- 
tion (31) were all open, except those in the Port Reserve bunk- 
ers, and that in bulkhead of submerged torpedo room. My 
statement shows the total capacity of each compartm ent to 
contain sea water, and the amount I consider could have entered 
each, taking into consideration the probable displacement of the 
various stores, &c.,in each compartment. It would appear from 
this, that the capacity of the open compartments to receive sea 
water would be about goo tons, which I consider would be 
sufficient to immerse the ship 1 foot 8 inches deeper in the 
water, and alter trim at least about 13 or 14 feet, which would 
give a depression of the bow of about g} feet, and an elevation 
of the stern of about 4 feet 6 inches from original draught; this 
would bring the upper deck about level with the water, and 
allow the whole mess deck to fill. The effective buoyancy of 
the fore part of the ship would be so greatly reduced by the 
opening up of so large a portion of the interior to the sea, and 
reducing the area of the plane of flotation, that the conditions 
on which the ship floated would have been entirely altered, the 
longitudinal stability of ship would have quite vanished, and 
consequently a very slight force would capsize her. The found- 
ering under the circumstances, was inevitable; but the time 
she remained above water was considerably shortened by forcing 
the ship ahead as she settled down. The area of the aperture 
in the Victoria's side below the water line, would be about 
132 square feet, and I compute that about go tons of water per 
second would flow into the ship had the interior been free from 
any obstructions to its progress; but taking into consideration 
the number of compartments, and the various bulkheads, flats, 
&c., which would obstruct its free flow, I am of opinion that 
about two minutes would be sufficient time for the inflow of 
enough water to immerse the ship nearly 2 feet deeper, and alter 
her trim at least between 13 and 14 feet. Say, depress the bow 
9 feet 6 inches, and elevate the stern 4 feet 6 inches, which 
would submerge the fore part of the upper deck, and allow the 
whole mess deck to fill. JosepH NEWNHAM, 

Chief Constructor. 
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In making his first official report on the collision (June 22, 
1893), Rear Admiral Markham stated the condition of the Cam- 
perdown to be— 

(1.) A jagged hole in the port bow, extending from the stem 
to an extreme distance of 10 feet abaft, and from 12 to 18 feet 
below the upper deck, the lower edge being just above the ar- 
mored deck. It is irregular in shape and the extreme dimen- 
sions are 6 feet by 10 feet. 

(2.) The stem is broken above the ram, and the upper part 
turned to port, separating the stem piece and the plating on the 
starboard side for a depth of 10 feet vertically, commencing at 
the water line, and attaining a width of 11 inches about 5 feet 
below, then tapering away to nothing about ten feet below the 
water line. 

The following compartments are full: Carpenter’s store room, 
paint room, fore ballast chamber, boatswain’s store room, sub- 
marine mining room, tank room, capstan-engine flat, and also 
the patent fuel space on the port side of the chain lockers. 

Subsequently (June 24, 1893), he reported that the fore bal- 
last chamber, the boatswain’s store room, the submarine mining 
room, the tank room, the capstan engine flat, and the patent 
fuel space had been pumped out and were dry. 

From the testimony of Captain Johnstone and Chief Engineer 
Newton, it appears that there was no water in the patent fuel 
space, and that the maximum quantity of water in the ship was 
from 400 to 500 tons, causing a marked change in trim of the 
ship. The draught of water before the collision was about 27 
feet 6 inches forward, and 29 feet 4 inches aft; after the collision 
it was 32 feet forward and 27 feet 6 inches aft. The Chief En- 
gineer testified that after the collision he opened certain drain 
valves and sluices, the result being the filling of the fore bal- 
last chamber and the submarine mining room, and the partial 
filling of the capstan-engine flat. The following entry in the 
engine-room log will explain what was done :— 

Immediately after the collision, went forward to 13.5 maga- 
zine flat; found about 3 feet of water on after end of flat; doors 
of D and F bulkheads open, and also hatches to submarine min- 
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ing rooms. Closed these and opened drain valves in these com- 
partments to the main drain, when the depth of water decreased. 
Afterwards went forward and opened valves on B bulkhead, to 
drain carpenter's and boatswain’s store rooms and paint room, 
and also drain valves of A and B compartments. Put fire en- 
gine on main drain, and circulating engine on the bilge, allowing 
water to pass from main drain to engine room bilges through 
rack valves, and pumped out magazine flat abaft D bulkhead. 

Endeavored to drain carpenter’s store room through tank 
room to port ejector tank, but this could not be done. Closed 
drain valves. Ran water off cable deck through starboard patent 
fuel space to starboard ejector tank. 

The chief engineer’s testimony showed that by opening the 
drain valves on B bulkhead he admitted the water which then 
filled the carpenter's and boatswain’s store room and the paint 
room (which were open to the sea), into the fore ballast tank, and 
that by opening the two drain valves from this compartment he 
admitted it to the submarine mining room, and that from there it 
got into the capstan-engine flat, the hatches at the forward part 
of which lead into the submarine mining room, and had not been 
closed. He was of opinion that the water which got into the 
tank room above the protective deck entered through the venti- 
lating pipes, the automatic valves in which must have failed to 
work. Some water also entered the forward magazines, and the 
impression prevailed that it could have entered only through the 
ventilating pipes. 

The engine-room log shows that at one time there was as 
much as 36 inches of water in the engine-room bilges. 

Captain Johnstone, in answer to a question by the Court as 
to how the water was got out of the flooded compartments, 
stated that the door in the paint room was partially closed by a 
diver who entered through the hole in the bow, and subse- 
quently that was closed properly, and the doors of the carpen- 
ter’s and boatswain’s store rooms, by a diver going down by the 

upper deck, a cofferdam having been built from the main to the 
upper deck round the fore hatchway. When the square of 
the hatchway was pumped out the horizontal door in the ar- 
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mored deck was opened and the capstan-engine flat was pumped 
out. 

As stated by Mr. White, there appears to have been some con- 
fusion or misunderstanding about the signal for speed astern 
with the starboard engine of the Camperdown, the signal received 
being for three-quarters speed. The difference between that and 
full speed, according to the engineer officer of the watch, who 
was in the starboard engine room at the time, was 13 revolutions, 
representing a difference in speed of two knots with both engines 
in operation. The revolutions for three-quarters speed were fixed 
at 50, and for full speed at 63. 

The following comments on Mr. White’s report and the Ad 
miralty Minute accompanying it are by Prof. Francis Elgar, and 
are reprinted from “ Nature,” December 7 and 14, 1893: 

The facts, as far as they are known, are fully, and in our opin- 
ion, fairly summarized by Mr. W. H. White, in No. 3 of the Ad- 
miralty Minutes, just issued; and Mr. White demonstrates clear- 
ly, from the results of calculations made in the Construction De- 
partment of the Admiralty, that the movements and behavior 
of the ship after the accident, and the observed effects upon her 
line of flotation and her stability, are precisely what would be 
caused by the entry of water into the compartments at the fore 
end of the ship, which are known, or believed, to have been 
filled before she foundered. These calculations serve, therefore, 
the useful purpose of showing that the water known to have en- 
tered those forward compartments that were proved, by evidence 
given before the court martial, to be filled, was quite sufficient to 
account for the subsequent capsizing and sinking of the ship, 
and for the capsizing and sinking to happen exactly in the man- 
ner that was observed. This is so,as already stated, whether 
Mr. White be absolutely right or not with regard to the precise 
state of each separate compartment after the damage; as the evi- 
dence is sufficiently conclusive, upon the whole, respecting the 
various compartments, to reduce the probability of error to a 
very small amount, such as would not materially affect the prac- 
tical results of the demonstration. 

The Admiralty calculations thus remove all reasonable doubt 
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as to whether the compartments known to have been filled were 
sufficient in themselves to account for the final disaster; and 
they make it unnecessary, in order to explain what happened, to 
speculate as to the probability of the collision having been more 
far-reaching in its effects upon the structure, or internal arrange- 
ments, of the ship than the evidence indicates. The evidence, as 
it stands, is shown to completely account for the facts; and to 
furnish a solid basis for investigation, or argument, as to the 
lessons that may now be learned from the loss of the Victoria. 

1. The effect of longitudinal bulkheads upon the capsizing of the 
ship—Mr. White points out that there was no continuous cen- 
tral longitudinal bulkhead in the Victoria. In the stokeholds 
and engine room there were two such bulkheads on opposite 
sides of, and each several feet from, the center line; but these 
were far abaft the damaged portion of the hull, and do not appear 
to have been reached by water that entered the ship up to the 
moment of sinking. There were a few longitudinal partitions in 
the fore part of the ship; but some of these were inoperative be- 
cause of damage or open doors. The effect of filling the com- 
partments formed by these longitudinal partitions has been 
calculated, and it is stated that this would only cause an in- 
clination of about 5° in the intact condition of the ship. This 
result does not, however, bear directly upon the actual effect 
produced in such circumstances as are being considered, because 
the damage caused by collision not only admitted water into 
the ship, but it reduced, at the same time, her power to with- 
stand the heeling effect of the excentric compartments that were 
thereby filled. The ship would only have heeled about 5° with 
these compartments filled if the hull had been uninjured ; but if 
the hull had been uninjured the compartments would, of course, 
not have been filled. Mr. White goes on to say: “It appears 
on investigation that in the damaged condition and at the ex- 
treme position which the Victoria occupied before the lurch be- 
gan the flooding of the compartments enumerated and the accu- 
mulation of water on the starboard side account for the observed 
angle of heel, 18 to 20°.” This inclination—which is what was 
really due, in the circumstances, to water being held over to 
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starboard by the longitudinal partition above referred to; as the 
accumulation of other water to starboard was merely the conse- 
quence of the heeling thus caused—must have allowed the sea 
to enter the ports and door of the upper deck battery sooner 
than it otherwise would have done, and thus have hastened the 
capsizing of the ship. The Admiralty Minute states that “the 
evidence clearly shows that the existence of longitudinal water- 
tight bulkheads in the Victoria was not the cause of her capsiz- 
ing. There were only a few minor longitudinal partitions in the 
fore part of the ship. Many of these were inoperative because of 
damage or open doors.” 

This conclusion is doubtless correct so far as it relates to the 
continuous longitudinal central bulkhead, to which the capsiz- 
ing of the ship was prematurely, though confidently, attributed 
by certain hasty critics, because such a bulkhead did not exist 
in the forward part of the ship that was affected by the collision. 
It clearly does not apply, however, to the minor longitudinal par- 
titions above referred to, because these must have been contrib- 
utory to the disaster according to the extent by which the water 
they held over towards one side caused the heel of the ship to 
increase as the bow became immersed and the stability dimin- 
ished. It is a question that could only be settled by further in- 
vestigation, whether the reduction of stability and the heeling 
effect thus caused was greater or less in this particular case than 
would have occurred if the water had been free to pass from side 
to side of the ship within the fore-and-aft limits of the compart- 
ments it entered. 

2. What would probably have happened if the doors and ports in 
the upper-deck battery had been closed —Mr. White says: “ It is 
not possible to state absolutely that the Victoria, with turret and 
battery closed, could have been kept afloat permanently under 
the actual circumstances of the collision ;’ and he points out that 
there are many compartments into which water might have 
found its way eventually, through doors and hatches that were 
probably open. He considers, however, that “her capsizing 
would have been improbable even if she had eventually foun- 
dered.” The Admiralty endorse this opinion in their Minute, 
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which states: “The great weight of water thus gradually ad- 
mitted into the forward part of the ship might eventually have 
caused the ship to founder by the head.” 

We see no reason to believe that the ship could possibly have 
been saved by the closing of these doors and ports. By the 
time the sea had reached them the fore end of the ship was so 
deeply submerged, and there were so many openings by which 
water could then find its way into compartments not already 
filled, that it is difficult to conceive how even the rate at which 
she was so rapidly sinking could be checked. When the sea 
had reached the height of the turret ports and the upper-deck 
battery ports and doors, the ship was inevitably doomed. She 
might possibly have sunk by the head without capsizing, al- 
though this appears improbable. With her stability reduced to 
the extent described in the Admiralty Minutes, when the bow 
was under water, and the heel to starboard was great, it would 
appear that the effect of the increasing quantities of water in the 
ship would certainly be to capsize her very soon. But whatever 
might have been the precise manner in which she would have 
gone down, there appears no doubt that the vessel would have 
gone to the bottom almost immediately after she did, even if the 
turret and upper-deck battery ports and doors had been closed. 

3. What would probably have happened if all doors, hatches, &c., 
had been closed before the collision took place—We agree upon this 
point with the opinion, based upon the calculations of the Con- 
struction Department, which is expressed in the Admiralty 
Minute. 

4. The efficiency of the water-tight doors to the bulkheads, and of 
the means of closing them quickly—-This question is one of the 
greatest importance in the present case, because, as we have seen, 
the Victoria might apparently have been navigated safely into port 
if all the water-tight doors, hatches, &c., had been closed soon 
enough to prevent water passing from compartments directly 
opened up by the collision into others from which they were sep- 
arated by water-tight bulkheads or decks. The Admiralty ex- 
presses strong and unqualified opinions upon this point. Their 
lordships say “the detailed evidence establishes the fact that 
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water-tight doors, hatches, &c., in the Victoria were in good order. 
It contains nothing which suggests a doubt of the efficiency of 
the system of water-tight subdivisions existing in the Victoria. At 
the parts affected by the collision the subdivision was minute, but 
doors were left open. According to the established practice of 
the Admiralty in all classes of ships, the number of water-tight 
doors is made as small as possible consistently with the essential 


conditions for working and fighting the ship. . . . Incon- 
clusion, their lordships are of opinionthat . . . the arrange- 
ment of water-tight doors . . . did not by any fault of 


principle contribute to the loss of the ship; but that, on the con- 
trary, had the water-tight doors, hatches and ports’ been closed, 
the ship would have been saved.” Mr. White says, in his Min- 
ute: ‘‘No orders were given to close doors until one minute 
before collision. It is éstablished by the evidence that the doors, 
&c., were in good order. The failure to close doors, therefore, 
was due entirely to the insufficiency of the time available, es- 
pecially in compartments breached by the collision.” 

The statement that the water-tight doors, hatches, &c., were in 
good order at the time of the collision appears justified by the 
evidence ; except, perhaps, with regard to the door at the after 
end of submerged torpedo room, which slides horizontally, 
and could only be moved six or eight inches when the attempt 
was made to close it after the collision. Their lordships go on 
to say that the detailed evidence contains nothing which sug- 
gests a doubt of the efficiency of the system of water-tight sub- 
division. We cannot discover, however, that this question was 
investigated by the Court Martial. Very complete evidence 
was obtained as to the exact state of each compartment, and of 
each opening into the compartments, at the time of the collision ; 
but the general question of the efficiency of the system of water- 
tight subdivision, which involves that of the water-tight doors 
and hatches to the various compartments, was not gone into. 
It would appear, indeed, to have been expressly excluded from 
the investigations of the Court Martial, since it can only be 


1]t has already been pointed out that the closing of the ports would apparently have 
had but little effect, and the Admiralty admit that the ship might still have found- 
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judged in relation to the bouyancy and stability of the ship; and 
the Court confined itself, as stated in the Admiralty Minute, to 
placing upon the Minutes all evidence obtainable with regard to 
the closing or otherwise of water-tight doors, &c., but did not feel 
itself called upon, nor feel competent to express an opinion as to 
the causes of the capsizing. While it may therefore be true that 
the evidence contains nothing which suggests a doubt upon 
these points, it is, on the other hand, equally true that it con- 
tains nothing which proves the assertion that the system of 
water-tight subdivision was efficient. 

One of the weak points in the water-tight subdivision appears 
to have been the doors and hatches to openings in the bulkheads 
and decks; and especially the impossibility of closing a suffi- 
cient number of them after the collision to keep the ship afloat. 

The doors upon the mess deck were all closed; but this deck 
was about three feet above the water line, and there was time to 
attend to the doors upon it before the inrush of water drove the 
men away. On the protective deck below, however, and on the 
platform in the hold, there was not time to get at all the doors 
and hatches before the water reached them; while most of those 
that were got at and closed appear to have been only partially 
and very imperfectly secured. The plans of H.M.S. Victoria, 
appended to the Admiralty Minutes, show ten water-tight doors 
in the bulkheads on the protective déck, at the fore side of the 
armor belt. This deck is about 100 feet in length, and includes 
the whole of the area directly affected by the collision; and there 
is only one important bulkhead in this space which does not 
contain a door, viz., that which divides the cable loc ker from the 
fresh-water tanks. On the platform in the hold, immediately 
under the protective deck, there are eight water-tight doors in 
the bulkheads, while there is in addition a water-tight door in 
the bulkhead at frame station 35, which forms the after bound- 
ary to the space. This was the door which could not be closed 
when the attempt was made to doit. There is no bulkhead upon 
this deck in the space referred to which does not contain a door. 
Besides these doors there are numerous openings, fitted with 
water-tight hatches, in the decks over the various compartments. 
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The Admiralty Minute states that the number of water-tight 
doors was made as small as possible, in accordance with the 
established practice of the Admiralty. It would be difficult, 
however, to fit more doors than are shown upon the plans of the 
two decks that are below the water line in the Victor’a—the pro- 
tective deck and the deck below it in the hold. 

Judging by the Admiralty plans, it was only a certain number 
of these water-tight doors that were fitted so as to slide horizon- 
tally, and some were merely hinged doors, which could only be 
closed by entering the compartment in which they were situated, 
and were secured by a number of clips round the edge of the 
door. Some of these were upon the most important transverse 
bulkheads, such as the two bulkheads which inclosed the sub- 
marine mining flat on the platform in hold. We have always 
considered that arrangements should be made for closing all 
doors in bulkheads that are essential to the efficient water-tight 
subdivision of the ship from a deck that is at a safe height above 
water, as well as in the compartments where the doors are; and 
we believe, also, that this is the Admiralty rule—as it obviously 
ought to be. If doors are fitted below the water line so as only 
to be opened or closed in the compartments where they are, they 
should seldom require to be opened, and never to be left open 
unless the bulkheads to which they are fitted are not considered 
essential to the efficiency of the water-tight subdivision. It does 
not appear by the evidence or by the Admiralty Minutes that a 
single one of the many doors in the fore part of the ship on and 
below the protective deck could be closed from a deck at a safe 
height above water, because the sliding doors cold only be closed, 
we believe, from the main deck, which does not appear to have 
been more than three feet above water at the time of the acci- 
dent, and was almost instantly immersed. In view of these cir- 
cumstances we cannot agree with the opinion of the Admiralty 
that there is “ nothing which suggests a doubt of the efficiency 
of the system of water-tight subdivision existing in the Victoria.” 
It appears, upon the other hand, quite practicable to improve the 
efficiency of this system by dispensing with some of the doors 
and by arranging with reference to the others that every one 
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which requires to be left open for even an instant, without the 
certainty of some one being in constant attendance upon it till 
it is closed, should be capable of being worked from a deck at a 
safe height above water. 

Mr. White says that the failure to close the water-tight doors 
in the forward part of the Victoria has caused suggestions to be 
made that automatic or self-closing doors should be adopted in- 
stead of existing arrangements. This suggestion was, he adds, 
carefully considered long ago, after certain experimental doors 
had been tried. He is satisfied that the existing arrangements 
are the best, and that their safety is only a question of good time 
being allowed for closing the doors. It must be remembered, 
however, that when the doors can only be closed in the compart- 
ments where they are situated, and these are below the water 


level, the inrush of water would often effectually prevent the . 


closing of the doors in bulkheads that separate the compartment 
that is breached from those adjacent to it. Also, with such 
arrangements below as those of the Victoria, it is impossible to 
insure that an unforeseen accident would always allow of suffi- 
cient time to close the water-tight doors in the manner required. 

The efficiency of the water-tight hatches, and the chances of 
their being properly secured in an emergency, when they are 
fastened by a number of clips round the edge, as at present, is 
also a question that appears to require consideration ; while it is 
to be observed that the sliding horizontal door in the protective 
deck of the Victoria, which opened into a shoot through which 
coal was trimmed from the reserve bunkers at after end of pro- 
tective deck, into the side bunkers in the stokehold, could not 
be closed from the shoot in which the men worked who were 
trimming the coal; but had to be worked from the submerged 
torpedo room, a compartment below the protective deck. This 
open door had an important effect upon the capsizing, for Mr. 
White states that “ one of the chief causes of inclination to star- 
board is to be found in the fact that, owing to open doors, water 
was able to find its way from bunkers above the protective deck, 
down through the coal shoot, and so to fill No. 7 bunker just 
before the forward starboard stokehold.” 
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It appears to us that one of the chief lessons taught by the 
circumstances of this disaster is the necessity of reducing the 
number of water-tight doors and hatches, and of arranging that 
all of them which are essential to the efficiency of the water- 
tight subdivision, and are ever likely to be left without attend- 
ance while open, should be capable of being closed, either by a 
thoroughly satisfactory self-acting arrangement or by appliances 
for working them from a deck at a safe height above water. 

5. The value of an armor belt at the ends for resisting damage.— 
Their lordships say “the fact that the Victoria was not armor- 
belted to the bow had no influence upon the final result of 
the collision. No armor-belt could have prevented the ripping 
open of the bottom below water by the ram bow of the Camper- 
down and the flooding of the compartments to which water could 

‘find access through the breach.” Mr. White argues strongly 
against the assertion, which he states has been made, that if a 
strong armor-belt had existed at the place where the blow was 
struck the damage might have been greatly reduced and the ship 
kept afloat. He considers that all the most important compart- 
ments which were flooded in the c/orta must have been thrown 
open to the sea under the conditions of the collision, even if there 
had been such a belt. ‘The breach in the side might have been 
different in form and possibly less extensive, especially above 
water; but it must in any case have been of large extent, and 
have admitted very large quantities of water in a short time.” 
Mr. White proceeds to argue that the extent to which the Cam- 
perdown penetrated into the interior of the Victoria was not alto- 
gether a disadvantage, as the Camperdown's bow thus became 
virtually locked in the protective deck of the Victoria, till the 
relative forward movement of the latter ship was destroyed, and 
the tearing action of her spur upon the side of the Victoria was 
thereby prevented. “Under the assumed condition of a non- 
penetrable armor belt, this relative forward movement and tear- 
ing action must have taken place.” But the Admiralty cannot 
admit the assumption of impenetrability. Reference is made to 
cases. of collision, such as those between Vanguard and /ron 
Duke, and between Grosser Kurfiirst and Konig Wilhelm, which 
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prove, in Mr. White’s opinion, that “the existence of an armor 
belt is no sufficient safeguard against injuries resulting from se- 
rious collision.” 

The objections that have been made to leaving so much of the 
ends of some of our first-class battleships unprotected by armor, 
have been mainly in connection with their defence against gun 
fire. The gun is, and appears likely for some time to be, the 
weapon of attack which a battleship must be designed primarily 
to resist. The attack of the ram can often be evaded by speed 
or skillful handling; and that of the torpedo by watchfulness, 
tactical resource and smart conduct on the part of the officers in 
command. The real defence against rams and torpedoes lies at 
present much more in the judgment and skill with which a ship 
can be safeguarded or manceuvred by her officers than in her 
own intrinsic power of resistance. 

At the same time, it is obviously desirable that everything pos- 
sible should be done to increase the amout of resistance that can 
be offered by a ship’s hull to attack from ram or torpedo. The 
Admiralty say that an armor belt would have no influence upon 
the final result of ramming. This statement is based upon two 
assumptions: (1) that “under a blow of such energy as was 
delivered on the Victoria, the strongest armored side ever con- 
structed must have yielded and been driven in. Its water-tight- 
ness and that of the bulkheads, &c., within it adjacent to place 
where the blow was struck, must have been destroyed, and the 
ultimate result (as regards the admission of water) would have 
been practically as serious under the same conditions of open 
water-tight doors, &c., as that which actually occurred in the 
Victoria”; and (2) that if the Camperdown's bow had been pre- 
vented by an armor belt from penetrating to so great a depth as 
was stated into the side of the Victoria, her spur would have torn 
away much more of the bottom plating than it actually did. 

The truth of both these assumptions appears very question- 
able. With regard to the first, it is pointed out that the ram 
bow of the /ron Duke drove the armor of the Vanguard bodily 
inwards more than a foot. The armor of the Vanguard was, 
however, only 6 to 8 inches thick, while the force of the blow 
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with which she was struck is said to have been two-thirds of that 
delivered to the Victoria. The armor at the point where the 
loria was struck would have been 15 or 16 inches thick if she 
had been fitted with an armor belt, while the energy of the blow 
delivered to her is stated to have been “ about the muzzle energy 
of a 12-inch 45-ton B.L.R. gun, the estimated perforation of its 
projectile being about 22} inches of wrought-iron armor.” The 
armor of the Victoria was not, however, of wrought iron, but of 
iron faced with steel, on the ‘“ compound” principle, which offers 
much greater resistance to penetration than wrought iron. 
Seeing that the depth of the armor belt would be 7 to 8 feet, 
and its thickness 15 or 16 inches, and that the projectile referred 
to, whose energy is about equal to that of the blow delivered to 
the Victoria, only succeeds in penetrating the plate by concen- 
trating its whole effect upon an area 12 inches in diameter, it 
does not appear that the armor ought to suffer much from a blow 
distributed over so much greater an area. The armor of the 
Vanguard was driven in because the supports in its rear were not 
strong enough to resist the blow. In our present ships the top 
of the armor belt comes against the edge of a protective deck, 
which is 2} or 3 inches thick, and could well be supported and 
connected to it in such a manner as to effectually resist being 
driven inwards; and it appears to be mainly a question of fitting 
a similar bearing at the bottom of the armor, in connection with 
the armor shelf, to furnish sufficient resistance at the lower edge. 
Such an arrangement for supporting the armor would not be 
difficult to devise; and it does not appear impossible to thus 
construct an armor belt, in a ship like the Victoria, that would 
resist being driven in by such a blow as she received, and would 
do so without necessarily causing the water-tightness of the bulk- 
heads, &c., adjacent to the place where the blow was struck, to 
be destroyed by the shock of the collision. The fact is that ar- 
mor belts have usually been arranged exclusively for keeping 
out projectiles from guns, and not with the view of resisting ram- 
ming. Had the latter been regarded as an important function 
for armor plating to perform, the lower edge of armor, which 
would receive the first force of the blow in many cases, would 
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have been supported in the rear better than it now is, and prob- 
ably somewhat in the manner indicated. 

The second assumption upon which the opinion that an armor 
belt would have been useless is based is that, by preventing the 
Camperdown from penetrating so far as she did into the interior 
of the Victoria, there would have been serious tearing of the bot- 
tom abaft the breach as the ships got clear of each other. In 
support of this it is stated that the bow of the Konig Wilhelm tore 
open the bottom of the Grosser Kurfiirst for some distance abaft 
the first breach, owing to the speed with which the latter vessel 
tried to cross ahead of her. This tearing action would depend 
very much, however, upon whether the point of the ram would 
have penetrated far enough into the bottom below the armor belt 
to keep the ships together for a sufficient time, and it is quite 
likely that it would. Anyhow, it is impossible to say what depth 
of penetration would be necessary for this purpose, especially as 
the ram bows of ships by which a British vessel might be at- 
tacked, are very different in length and form, and it seems a 
doubtful process of reasoning which leads to the result that the 
great depth to which the side of the Victoria was penetrated might 
not have been considerably reduced with advantage. 

But the objections that have been made to leaving so great a 
length at the ends of a battleship without armor are not, as we 
have said, with reference to their being rammed, but because of 
the damage to which they are thus exposed by gun fire. The 
results of the Admiralty calculations show that the effect of 
gun fire upon the unarmored ends of such ships as the Victoria 
might be very serious. We are informed by Mr. White that the 
Victoria, as she was at the time of the collision, would change 
her trim 3 feet by the bow in consequence of 110 tons loss of 
buoyancy above the protective deck. It follows, therefore, that 
if the whole of the compartments above the protective deck were 
penetrated so as to admit water, there would be a loss of buoy- 
ancy sufficient to change her trim fully 5 feet by the head. The 
change of trim and extra mean immersion thus caused by the 
loss of buoyancy would bring the top of the armor belt close 
to the water line at its fore end; and the slightest inclination 
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would then be sufficient to immerse the fore end of the armor 
belt on its inclined side. Perforation of the thin side plating at 
this point above the armor would thus admit water into the 
ship over the top of the armor belt and lead to a growing loss of 
buoyancy and stability, both transverse and longitudinal, which 
would soon place the vessel in a perilous position. The de- 
struction of such a ship does not thus appear very difficult by 
the large rapid-firing guns that are carried in cruisers and in the 
secondary batteries of battleships. These guns, firing twelve to 
twenty projectiles of 6 inches and 4? inches diameter per min- 
ute, could be aimed with great precision at the water line of a 
ship, and would very soon cause the whole of the thin partitions 
in the unarmored ends to be penetrated through and through, 
and admit water freely into the whole of the compartments. 
If the vessel thus attacked were steaming ahead, at the slowest 
speed possible, the additional water that would thus be forced 
in would greatly increase the change of trim, and it would only 
be necessary to follow up the process of aiming at the water 
line along the fore end and over the top of the armor belt in 
order to soon disable or sink her. 

The foregoing considerations may suffice to show that we see 
no sufficient grounds for believing the Admiralty to be right in 
the assertion that the absence of an armor belt at the bow had 
no influence upon the final result of the collision in the case of 
the Victoria ; still less that an armor belt could not be made more 
effective than it now is against the attack of a ram; and still less, 
again, that an armor belt of sufficient length to furnish all the 
buoyancy and stability necessary for safety would not afford a 
most powerful protection to a battleship against the destructive 
effects of the present rapid gun fire. 

6. The sufficiency of the stability possessed by the ship.—The Ad- 
miralty say “the capsizing of the Victoria, under the special cir- 
cumstances described, does not suggest any insufficiency of sta- 
bility in the design of that vessel. The provision made was 
ample for all requirements. When fully laden and in sea-going 
trim the metacentric height was 5 feet, stability reached its max- 
imum at an angle of 343 degrees to the vertical, and the range of 
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stability was 67} degrees.” It will be observed that it is only the 
stability that would be possessed when the hull of the ship is abso- 
lutely intact that is here spoken of, and it is doubtless sufficient for 
that condition,and would enable the vessel to take considerable 
quantities of water on board without danger. This is not a 
point, however, which has great practical importance in connec- 
tion with actual fighting requirements. In order to judge of the 
sufficiency of the stability under ordinary fighting conditions, it 
is necessary to know what it would be when the thinly-plated 
ends and compartments outside the armor belt are penetrated 
by projectiles. This is a factor of such great importance to the 
problem as to make the bare information with regard to the sta- 
bility in the intact condition comparatively valueless. Whether 
the provision of stability was ample in the c¢ora for all require- 
ments, as the Admiralty assert, or'is ample in existing ships of 
similar type, depends almost entirely, as regards the fighting 
requirements of a first-class battleship, upon what it is when the 
thinly-plated ends are penetrated. It is quite certain that damage 
to the ends would soon make demands upon the stability, which 
necessitate the provision of a large reserve in the intact condition 
for drawing upon, and that this reserve should be sufficient to 
cover not merely the heeling effect of water held over to one 
side by longitudinal partitions, but also the reduction of stability 
due to loss of buoyancy in compartments that are opened up to 
the sea, and the effect of speed of ship upon the quantity of water 
that might be admitted, and the position into which it might be 
forced. There is no necessity to look far in order to see that 
the stability could thus be seriously reduced very early in an 
action, and might soon become insufficient to enable the ship to 
be handled and fought as she should be, if not to place her in 
absolute peril. 

7. The steps that should be taken “ to prevent the recurrence, under 
similar circumstances, of the conditions which, after the collision, re- 
sulted in the loss of the ship.’—The Admiralty ‘considers that the 
only step requisite is to issue regulations to the fleet which will 
ensure “ that, under special circumstances, and particularly when 
there is risk of collision, doors, hatches, &c., shall be kept closed 
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as far as possible and men stationed at any that are necessarily 
left open ;” also, “ that under certain conditions arising out of 
collision or under-water attack, the gun ports and other openings 
in the upper structure shall be closed before water can enter and 
endanger the stability of the ship.” Now, everyone acquainted 
with the Admiralty and the Navy must know perfectly well that 
this really leaves matters as they were. Officers in command of 
H.M. ships are quite aware that water-tight doors, hatches, &c., 
require to be worked in the manner described ; but the difficulty 
is to do it, in any emergency that may arise, so as to be effective 
for the purpose. The great number of water-tight doors, the 
difficulty of properly securing some of them, and the necessity 
that exists for many to be frequently open in order to carry on 
the ordinary work of the ship, makes it practically impossible to 
ensure that safety can always be relied upon by such precautions. 
It is true that the Victoria would, in all probability, not have 
been lost if all the water-tight doors and hatches in the fore part 
of the vessel had been closed; but it does not, therefore, follow 
that a similar disaster can be prevented in future merely by an 
order from the Admiralty directing that all such doors, &c., are 
to be closed in future in sufficient time to keep water from pass- 
ing out of one compartment into another. 

We would recommend that the number of water-tight doors 
in the various compartments be reduced; that no door which 
is essential to efficient water-tight subdivision, and is ever re- 
quired to be left open without attendance, be fastened merely 
by clips; that all doors which are relied upon for safety should 
be capable of being closed either by a satisfactory self-acting 
arrangement, or by appliances for working them from a deck at 
a safe height above water. We would also call attention to the 
danger of making the safety of a ship depend upon the com- 
plete closing of a large number of small compartments. The 
only arrangement that can be relied upon is one of subdivision 
into a series of main compartments, formed by bulkheads that 
are carried to a deck that is high above the water line, which 
will be perforated as little as possible by doors, or by pipes, &c., 
below water. Such an arrangement as that in the Victoria, 
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where the efficiency of some of the divisional bulkheads, which 
appear to have formed part of the system of water-tight subdivi- 
sion, depended upon the closing of scuttles in a water-tight deck 
only 3 feet above water, at which the bulkheads stopped, is 
manifestly untrustworthy; and it is impossible for the Admiralty 
to remedy its defects by promulgating orders to make it work. 

So far as other ships of the type of the Victoria are concerned, 
the Admiralty does not see that the necessity for any improve- 
ment is indicated. We consider, however, as the foregoing re- 
marks show, that the result of the ramming of the Victoria points 
clearly to the necessity of making the armor belts longer in such 
ships if the armor is to be made really effective. This would 
increase the power of resistance to gun-fire, while the belts 
might be so fitted as to reduce the injuries likely to be caused 
by ramming. Water-tight flats at a small height above water, 
and thin bulkheads above water, are of little good against rapid 
gun fire. Vessels with short armor belts, such as the Victoria 
and others of her type, might, as has been pointed out, be de- 
stroyed by rapid gun fire without any penetration of their armor; 
so that their defensive power is not measured by the resistance 
to penetration of the armor they carry. They thus belong more 
to the type that are called protected ships than to that of armor- 
clads; and it would probably be more correct to classify them 
as such. Their names now figure in the list of first-class battle- 
ships, and make our Navy appear stronger in this class of ships 
than it really is. If they were classed according to their real 
fighting value, the necessity for adding to the number of battle- 
ships would appear stronger than it now does to those who can- 
not judge the relative merits of ships. 

Another lesson taught by the Victoria disaster appears to be 
that the officers of such ships should be more fully instructed 
with regard to the probable effects of various kinds of injury 
than they now appear to be. It is quite certain that the officers 
of the Victoria never imagined that the ship could sink so rap- 
idly as she did, even with many of the water-tight doors open, 
or that her safety depended, to the extent it did, upon the abso- 
lute closing of so many small compartments. They require to 
be advised and to obtain some experience as to the best mode 
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of treatment under different conditions of damage. Would the 
captains of the ships with short armor belts all know, for in- 
stance, whether it would be better or not to admit water into the 
ends before going into action? Has it been decided that it 
would be better to thus admit water and prevent changes of trim 
as the thin ends become perforated by projectiles or to keep 
water out as long as possible, and to submit to changes of trim 
and of heeling to one side or the other as the various compart- 
ments were opened up? The effect of loose water in the ends 
might be very objectionable if the speed of the ship were chang- 
ing or if she were rolling to any extent; but it would exist as 
soon as the ends became damaged ; and it is clear that the pres- 
ence of a large body of water in the long unarmored ends of 
some of these ships would be a great source of difficulty in keep- 
ing speed and in manceuvring. 

The general result of the Admiralty investigation, and of the 
judgment based upon it, is that there is no fault to be found 
with any single point connected with the construction and ar- 
rangements of the Victoria, or other ships of her type, for which 
those who conducted the investigations, or pronounce the judg- 
ment, could be held responsible; but that the whole blame is 
due to the one cause with which no one at the Admiralty could 
be in any way connected, viz., the failure to close all the water- 
tight doors, hatches, &c., in time to prevent the disaster. In 
saying this we do not wish to cast any doubt upon the accuracy 
of the calculations which have been made, or upon the desire of 
the Admiralty to arrive at a fair decision upon the questions 
raised. It is impossible for persons who are deeply interested 
in these questions, and in the results of the investigation, to di- 
vest themselves of all feeling and bias, and to judge their own 
ideas and work from an absolutely impartial standpoint. It 
would probably happen in any inquiry, that if one of the parties 
implicated were allowed to draw up the judgment, the result 
would not be unfavorable to itself. Most people appear satis- 
fied, however, that this course should be taken when the question 
involved is that of the efficiency of the battleships upon which 
the defence of the British Empire would mainly depend in the 
event of war. 
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THE CONTRACT TRIAL OF THE USS. 
MARBLEHEAD. 


By Passep AssISTANT ENGINEER CLARENCE A, Carr, U.S. Navy. 


The Marblehead, a sister ship to the Detroit and Montgomery, 
was built from designs furnished by the Navy Department; the — 
machinery was built at the Quintard Iron Works, N. F. Palmer, 
Jr., & Co., New York City, and the hull at the works of Harrison 
Loring, South Boston, Mass. The contract price, $674,000, was 
divided into the ratios }4 and 4% for the parts coming respect- 
ively under the machinery and hull specifications. The require- 
ment as to speed was that the vessel should maintain a speed 
of 17 knots for four consecutive hours,a premium of $25,000 
being allowed for each quarter knot in excess of this speed, and 
a penalty of $25,000 being exacted for each quarter knot defi- 
ciency. This vessel was originally designed for a speed of 18 
knots, but as no bids were received within the appropriation the 
speed requirement was reduced to 17 knots, thereby practically 
increasing the appropriation by $100,000 for the designed speed. 

She is schooner rigged, without bowsprit, and has a poop and 
topgallant forecastle with a bridge running between them, and 
a flying bridge above the pilot house. She has a ram bow, with 
a torpedo tube discharging above the water line, and a broad- 
side torpedo port on each side under the forecastle. A light pro- 
tective or water-tight deck extends from stem to stern, and 
a cofferdam, intended for cellulose, extends along the berth 
deck on each side of the engine and boiler rooms; this coffer- 
dam is in the upper tier of coal bunkers secured to the inboard 
bulkhead. A center line bulkhead extends the whole length of 
the machinery space, and the remainder of the water-tight sub- 
division is like that of larger ships of similar design, except that 
there is no double bottom. 
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There are eight boats, a steam cutter, a sailing launch, two 
cutters, two whale boats, a dinghy and a wherry, and, with the 
exception of the quarter boats, they are all stowed inboard on 
skid beams. 

The main battery consists of ten 4-inch rapid-fire rifles, one 
pivoted on the topgallant forecastle, one on the poop, and the 
remainder mounted on projecting sponsons on each side of the 
gun deck. The secondary battery consists of ten Hotchkiss re- 
volving guns. 


HULL. 

Length between perpendiculars, feet.. .........++ 20 257 
Ratio length (B.P.) to beam. .......0. 6.95 
Draught (moulded) forward, feet and 13-6 
Draught (moulded) aft, feet and inches....... L.W.L 4 15-6 
Draught (moulded) mean, feet and inches............7 14-6: 
Displacement at load draught, tons. 
Displacement per inch at load draught, tons...... 25.05 


Area immersed midship section, square GOS 
Area of L.W.L. plane, square 
Center of gravity of L.W.L. plane aft of midship section, feet and inches.......... 4-7 


Center of gravity of ship above base line, feet,........ 14,50 
Transverse metacenter above center of gravity, feet...... see 175 
Longitudinal metacenter above center of gravity, 300 
Coefficient of fineness on midship section...... cesses eee 87 
Coefficient of fineness on L.W.L © -70 


MACHINERY. 


Main Engines.—There are two vertical, inverted, direct-acting 
three-cylinder, triple-expansion engines, each placed in a water- 
tight compartment. Each engine room is connected to the fire 
room immediately forward of it by a water-tight door in an 
athwartship bulkhead, and the engine rooms are connected with 
each other by two doors in the center-line bulkhead, one abaft 
the engines and one abreast the I.P. valve gear. 
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The high-pressure cylinder is forward, and has a working liner. 
All the cylinders are unjacketed, and they are each supported 
by two inverted Y-frames built up of plate steel and angles. The 
main pistons, bed plates, valve-chest bonnets, and reversing-shaft 
brackets and arms are of cast steel. All journals are lined with 
Parson’s white brass. There is one piston valve for the high, 
two for the intermediate and two for the low-pressure cylinders, 
all worked by Stephenson link motion. The valves for the high 
and intermediate-pressure cylinders are interchangeable. 

The upper ends of the high and intermediate-pressure valve 
stems are fitted with guides, serving as balance pistons, and the 
low-pressure valve stems with balance pistons, all working in 
cylinders connected, respectively, with the I.P. receiver, L.P. 
receiver, and the condenser for balancing the weight of the valves. 
The cut-off can be varied by a sliding block working in a slot 
in each reversing-shaft arm. 

Each engine is fitted with a double-poppet throttle valve, moved 
by a lever for quick working and bya hand wheel for fine adjust- 
ment. The reversing gear consists of a steam cylinder with a 
hydraulic controlling cylinder, to which a hand pump is attached 
for reversing by hand. The working platforms are on the out- 
board side of each engine. 

Watson’s metallic packing is used in the stuffing boxes of the 
valve stems and piston rods. 

There is a centrifugal steam separator in each main steam pipe 
near the engines. The following are some of the principal data: 


Stroke of all pistons, 26 
Diameter of H.P. valves (one for each cylinder), 14 
Diameter of I.P. valves (two for each cylinder), inches. 14 
Diameter of L.P. valves (two for each cylinder), 20 
Bottom..... 67.93 
Top. 102.26 
Bottom..... 135.86 


Area of H.P. steam ports, maximum opening, square inches.. ose 


Area of I,P. steam ports, maximum opening, square inches.,..., 
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Area of L.P. steam ports, maximum openin uare inches...... 
Bottom... 206.17 
Area of H.P. exhaust ports, maximum opening, square inches... TOP. oveoee s0n.96 


Top....... 214.10 


Area of I.P. exhaust ports, maximum opening, square inches... 
Bottom... 181.16 


Area of L.P. exhaust ports, maximum opening, square inches... Top. -++es. 333-44 
Bottom... 300.22 


Main steam pipe (9 inches diameter), square inches area......... sscssesceseeees 63.62 
Exhaust pipe to I.P. (11 inches diameter), square inches area.........+ 95-03 
Exhaust pipe to L.P. (15 inches diameter), square inches area......... seeecoeee 176.72 
Exhaust pipe to condenser (20} inches diameter), square inches area......... 330.06 


Volume swept by H.P. piston per revolution, cubic feet. ......... sesseseseeeseeeee 16.322 
Volume swept by L.P. piston per revolution, cubic feet......... 35.681 
Volume swept by L.P. piston per revolution, cubic feet. .........4...sseeee seceee 93-538 
Clearance in H.P. cylinder, per cent.......... i Top, 1.531 cubic feet eet 18.47 
Bottom, 1.258 cubic feet...... 15.66 
Clearance in I.P. cylinder, per cent............ Feet. 17.36 
Bottom, 2.183 cubic feet...... 12.36 
Clearance in L.P. cylinder, per cent....., Top, 6.879 cubic feet... 14.67 
Bottom, 5.577 cubic fest... 11.96 
Ratio net area H.P. to L.P. pistons. .......0. 5-73 
Piston rods, diameter, inches....... .... 4} 
Valve stems, H.P. diameter through valve, inches. ...... 
Valve stems, L.P. diameter through valve, inches...... 2 


Connecting rods, length center to center, feet and inches...... 4-4 
Connecting rods, diameter of upper end, cesses 


Connecting rods, diameter of lower end, inches....., cesses 
Connecting rods, thickness (sides are faced), inches....., 4} 
Connecting rods, diameter crosshead bolts (4), inChes.. 
Connecting rods, diameter crank-pin bolts (2), inches....... 
Crossheads, actual bearing surface, square inches. ..,.....- 1853 
Crosshead pins, diameter, inches....... 6 
Reversing gear, steam cylinder, diameter, 
Reversing gear, oil cylinder, diameter, inches... ... 7% 


Reversing gear, stroke, inches....... 22 
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Shafting. —The shafting is of steel throughout. The crank 
shafts are in three interchangeable sections connected to each 
other and to the line shafts by nine steel bolts. The forward 
sections of line shafting have enlargements to furnish seatings to 
the L.P. eccentrics. There are flexible couplings between the 
thrust shafts and the forward sections of line shafting. The after 
sections of line shafting are cased with brass within the stern 
tubes, and the forward ends are fitted with removable forged steel 
coupling discs to allow the shafts to be withdrawn. The pro- 
peller shafts are cased with brass only in the hanger bearings, 
the coupling outside the stern tube being inclosed in a stuffing 
box to protect it from the water. 


Crank shafts, coupling discs, diameter, 16 


Crank shafts, coupling discs, thickness, inCheS cesses 
Crank shafts, coupling bolts (9), diameter, inches...... 
Crank shafts, length of each section (3), feet and inches,,.......ssscssees cesses ceeees 5-4 
Line shafts, diameter coupling discs, inches. ...... 
Line shafts, thickness after coupling discs, inches.. .......0. ses 29 


Line shafts, diameter (7) coupling bolts, inches... ......... 
Line shafts, length, feet and inches....... Forward 13-73 
After sections, 33-43 
Line shafts, thickness of casing, inch...... ...... At bearings 
Elsewhere....... Ts 
Thrust shafts, diameter axial hole, inches....... 5 


Thrust shafts, distance between collars, inches... 
Thrust shafts, length, feet and inches...... 9-53 
Thrust shafts, surface, total for both engines, square inches. ......000 s+ seseeeees 1,264.6 
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Propeller shafts, couplings, diameter, inches...... ev 18} 
Propeller shafts, coupling bolts, diameter, inches. 


Propellers—The propellers are of manganese bronze, three- 
bladed. The blades are adjustable, and are each secured to the 
hub by six 2}-inch Tobin bronze bolts. The recesses for the 
bolt heads are not finished to form a smooth surface fair with the 
boss. 


Pitch as set (adjustable from 11 to 14 feet), feet. . 
Greatest width of blade (at a radius of 3 feet 33 38 
Ficlicoidal aves of ench screw, equare fect. 33033 


Disc area of both screws + I.M.S......... .406 
Immersion of center at draught of 15 feet 6 inches aft, feet and inches... .......... 9-6 
Distance of center of hub above lowest point of keel, feet and inches............ 5-115 


Condensers.—The main condensers, one for each engine, are 
cylindrical, and made in three principal sections. The end sec- 
tions are of composition, # inch thick, the middie section of 
rolled-sheet brass $ inch thick. The water circulates through 
the tubes, and the inlet chest is divided, so that the circulating 
water passes forward through the lower half and returns through 
the upper half of the tubes. The auxiliary exhaust is also con- 
nected with each main condenser. 


Diameter of shell, internal, feet and inches...... 
Length aver heads, feet and cee sos 10-8§ 
Cooling surface, one condenser, square feet. ...... see see see 39923 
Ratio total cooling to total heating cesses 121.45 
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There is also an auxiliary condenser in each engine room, of 
the Wheeler type, with Knowles combined air and circulating 
pump. The principal dimensions of each are: 


Tubes, exposed length, feet and inches. ............. 5-6 


‘Tubes, condensing surface, each condenser, square feet........ 144 
Combined pump: 
Steam cylinder, diameter, inches..,....... 


Air Pumps.—There are two single-acting vertical air pumps 
in each engine room, each driven by a two-cylinder, vertical, in- 
verted, compound engine. The steam cylinders are carried by 
wrought-steel columns supported by bed plates on the pump 
cylinders. The cranks are at an angle of 90°. There is a con- 
nection from each channelway through which the water of con- 
densation can be pumped from the condenser by the feed 
pumps. 


Diameter of L P. cylinder, inches. ......... .. wee 


‘L.P. piston per double + air per double stroke. 34-46 


Circulating Pumps.—There is a centrifugal circulating pump 
for each main condenser, driven by a single-cylinder, vertical, in- 
verted, simple engine. It can be connected so as to draw either 
from the sea or bilge, and deliver either through the condenser 
or direct to the outboard delivery pipe. 


Diameter of water suction, inches....... 12 
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Turning Engines —A small turning engine is placed in the 
passageway between each main engine and the center line bulk- 
head. It is a double engine, 6 inches diameter by 6 inches 
stroke, and turns the main engines by worm gear, which is read- 
ily disconnected. The turning-engine shaft is squared at the end 
and fitted with a wrench for turning by hand. 

Feed Pumps.—The main feed pumps, one in each middle fire 
room, and the auxiliary feed pumps, one in each after fire room, 
are vertical duplex, and of the Blake type. The main feed pumps 
draw water from the feed tanks only, and deliver into the main 
feed pipes only. The auxiliary feed pumps are connected to draw 
from the sea, feed tanks, bilge, air ducts or boilers at will, and 
deliver into either the auxiliary feed pipe, fire main or overboard. 

Auxiliary Pumps.—In each engine room there is a fire and 
bilge pump and an engine-room auxiliary pump, all horizontal, 
single, of the Blake type. In the evaporator room there is a dis- 
tiller, circulating pump and an evaporator feed and tank pump of 
the Davidson type; also a duplex 3 by 2 by 3, and a No. 0 
pump of the Blake type. The fire and bilge pumps have suc- 
tions from the sea and bilge, and deliver into the fire main and 
overboard. The engine-room auxiliary pumps have suctions 
from the sea only and deliver into the water-service pipes and 
fire main. The distiller circulating pump is also used for flush- 
ing the crew’s closets and wash room. 

The following are the sizes of the pumps: 


Steam cylinder. Water cylinder. Stroke. 


1} feed. 
Evaporator feed and cesccss sescecces 3 { 5} tank. 4 


Distilling Apparatus.—The distilling plant consists of a Baird 
evaporator (No. 3, Type C) and a distiller, having a rated capac- 
ity of 3,000 gallons of potable water in 24 hours. The evapo- 
rator shell is a vertical cylinder, the tubes being U-shaped, 


> 


a 
eee 


> 


CONTRACT TRIAL OF THE U.S.S. MARBLEHEAD. 137 


disposed in horizontal planes. There is a connection to the 
condenser for making up loss of feed water. The discharge 
pipe from the distiller circulating pump has a by-pass so that 
the water may be delivered into the flushing pipe without pass- 
ing through the distiller. The evaporator feed and tank pump 
takes its feed from the distiller discharge water, and the tank 
part takes its suction from the filter through a water meter and 
discharges into the ship’s tanks. A pump, with metal valves, 
takes the condensed water from the evaporator and discharges 
into the auxiliary feed pipe; and another pump has suctions 
from the filter and the feed pipes and discharges into tanks for 
the firemen’s wash room. 

Revolution Counters and Tell-tales—The main-engine counters 
are worked through gearing from the main shafts, and the same 
gearing works an indicator which shows the revolutions and 
relative movement of both main engines in each engine room. 
The ordinary reciprocating counters are also provided for the 
main engines, air pumps and circulating pumps. 

Feed Tanks.—In each engine room there is a feed tank of 
about 315 gallons capacity. The tanks are fitted with overflow 
valves and sight funnels, an automatic valve in each internal suc- 
tion nozzle, and perforated partitions for using filtering material. 
A vapor pipe from the feed tanks discharges above the level of 
the awnings, and is located abaft the after smoke pipe. 

Steam Traps.—The drains of the main and auxiliary steam 
pipes, separators, radiators, evaporator, dynamo, steering engine, 
and steam coils on the ship’s coppers are all fitted with steam 
traps, through which condensed steam can be returned to the 
feed tanks. These traps, except the one on the evaporator, are 
all of the Dinkel pattern ; the one on the evaporator is a Baird. 

Ventilating Fans.—In each engine room there is a Sturtevant 
blower, arranged with ducts for the forced-draft system only. 
There are also two fans made by the Buffalo Forge Co. for ven- 
tilating the living spaces in the ship, but arranged for exhausting 
the air. One of these fans is located in the dynamo room and 
the other in a pocket forward of the engineer’s log room. The 
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engines for these fans are double, and are coupled directly to the 
fan shafts. 


Diameter steam cylinder of Sturtevant fans, inches. 33 


Ash Hoists—In each fire-room hatch there is a Williamson, 
double-cylinder, simple, horizontal engine, cylinders 44 inches 
‘diameter by 44 inches stroke, for hoisting ashes. 

Steering Engine steering engine is of the Williamson 
pattern, and is placed under the water-tight deck just abaft the 
engine rooms. It is connected by bevel gear and shafts with 
the steering wheels in the pilot house and on the bridge. The 
wheel on the poop is for hand gear only. The engine is double, 
with cylinders 8 inches diameter by 7 inches stroke. 

Steam Capstan.—The steam capstan is of the type made by 
the Bath Iron Works. It has two simple engines, g inches 
diameter by g inches stroke, with the cranks at right angles. 
In addition to the regular purchase, which is sufficient under 
ordinary circumstances, there is an arrangement by which an 
additional worm and wheel can be thrown in gear, giving a 
double purchase for use in an emergency. 

A steam winch built by the American Ship Windlass Co. is 
located in the middle fire room hatch. 

Workshop Machinery —The engineer’s workshop is located on 
the gun deck under the forecastle. It contains a vise bench, a 
10-inch shaping machine, a 12-inch lathe, and a double-geared 
drill, all driven by a 5 by 6 engine. 

Electric Light.—The vessel is lighted throughout with electric 
light, and has, in addition, two search lights on the bridge. The 
plant consists of two Thomson-Houston dynamos, each of 80 
volts and 200 amperes, each operated by an Edison vertical en- 
gine designed for a working pressure of 80 pounds per square 
inch. The engines are double, and the cylinders are each 7 
inches diameter and 5 inches stroke. 

The ship also has a complete equipment of call bells and speak- 
ing tubes, shaft and rudder indicators, and fire and water alarms. 
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139 
BOILERS. 


There are three cylindrical, double-ended, horizontal, return- 
tube boilers, and two single-ended boilers of the same type. Each 
double-ended boiler has four and each single-ended boiler two 
corrugated furnaces. The axes of the boilers are fore and aft, one 
double-ended and two single-ended boilers (placed end to end) 
being on the starboard side, and two double-ended boilers on the 
port side. The boiler space is divided by the athwartships and 
center-line bulkheads into six compartments, with a fire room in 
each compartment. There are two furnaces in each forward and 
after, and four in each middle fire room. There are two smoke 
pipes. The front and back heads of all boilers are curved at the 
top. The longitudinal shell seams are treble-riveted with double 
butt straps. Circumferential joints are lapped and double riv- 
eted. Joints in furnaces and combustion chambers are single- 
riveted. The furnaces are fitted with rocking grates. Water 
can be circulated when raising steam by using the auxiliary feed 
pumps. Internal feed pipes are arranged to distribute the feed 
water through the boilers. Each boiler has a main and an auxil- 
iary stop valve, two spring safety valves, one sentinel valve, two 
feed-check valves, one bottom-blow valve, one drain valve, two 
steam gauges, two glass water gauges and four gauge cocks. 

The systems of main and auxiliary feed pipes are independent. 
The boilers and steam and exhaust pipes are clothed with a 
spongy preparation of asbestos, called fire felt. The outer cov- 
ering of the boilers is galvanized iron, and of the pipes, canvas. 


BOILERS. 

Aand B. Cand E. Dz. 
Length, feet and inches 18-1 
Number of combustion chambers...... 4 2 4 
Length of furnaces, feet and inches.,.... - 6-4 6-8} 
Length of tubes between sheets, feet and inches......... « 6-3} 5-113 6-7 
Tube-heating surface, square feet 2,381.1 1,132.4 2,497.4 
Plate-heating surface, square feet ,........ 379-64 188.6 397.04 


Grate surface, square feet.......00+ 89.4 42.5 94-35 


‘ 
5 
x 
3 
: 


140 CONTRACT TRIAL OF THE U.S.S. MARBLEHEAD. 


Aand B. Cand E. Dz. 

Steam room, six inches above tubes, cubic feet........... 397-5 Igo. 403. 
Water surface, six inches above tubes, square feet......... 183. gl. 189. (4 
Diameter of safety valves, inches cee 5 3 5 q 
Diameter of stop walves, INCRES, 6} 5 63 
Diameter of auxiliary stop valves, inches.. 5 5 5 
Volume furnaces and combustion chambers, cubic feet... 284 140 292 
Tubes, spacing vertically, inches 3} 4 
Tubes, thickness of common, No. 12 B.W.G., inches,..... 
Tubes, thickness of stay, No. 6 B.W.G., inches...... +203 
Furnaces, greatest internal diameter, inches.,..... 444 

Thickness of furnaces, inch 
Number and diameter of braces above tubes (8), inches............ sandes-ovicevcebsotees ag 
Number and diameter of braces to back tube sheet (4), incheS........ ceeece sceseeeeee 2 


Totals for all boilers : 
Total heating surface, square feet 13,057.02 
Area through tubes, square feet ......... cesses 54.44 
Area of water surface, square feet 737 
Volume of furnaces and combustion chambers above grates, cubic feet 1,068 
Ratios : 


& 
Number and diameter of braces around lower manhole, inches.... { Sitine” : 
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Steam room, per square foot G. S., cubic we 


Volume combustion chambers and furnaces per sees foot G. S., ous feet. 2.98 


Forced Draft—The forced draft is the Kafer ash-pit system, 
air being supplied by one Sturtevant blower in each fire room. 
They take air from the fire rooms and deliver through ducts to 
the ash pits and furnace fronts. Suitable gear is fitted to the 
furnace doors, so that they can not be opened without closing a 


damper in the air duct. 
Middle fire rooms. Other fire rooms. 


Diameter of engine cylinders (2), inches............ 4 34 
Diameter of fan, inches..... ... 48 42 
Area induction nozzle, square 707 594 
Area eduction nozzle, square inches,........+ sesseses 624 432 


Coal Bunkers.—There are 23 coal bunkers, of a combined 
capacity of 340 tons of 43 cubic feet, of which 100 tons is below 
and 240 tons above the water-tight deck. There are seven bunk- 
ers on each side, above the water-tight deck, and each bunker 
has one scuttle to the gun deck for receiving coal. Seven escape 
scuttles are fitted for filling the lower bunkers, and two lead into 
each of the middle fire rooms. A trolley runs through each of 
the upper tiers of bunkers for convenience in transporting coal. 


WEIGHTS. 


Propelling machinery, including all the auxiliary machinery mentioned in 
this article (except capstan, steering, winch, workshop and dynamo en- 
gines), together with water in boilers, pipes, condensers and stern tubes, 


The most important detailed weights are : Pounds. 
Bed plates, shaft bearings, brasses and Caps. cesses 20,382 
Frames and crosshead guides.....+...... 
Cylinders, covers, stuffing boxes, relief and starting valves, etc... 60,033 
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Pounds. 
Line shafts, after sections........... 18,912 
Main steam and exhaust pipes in TOOMS. 9,008 
Main steam pipes in fire rooms...... gee coves 5,025 
Auxiliary steam and exhaust pipes in engine rooms......... 9,909 
Auxiliary steam and exhaust pipes in fire rooms......... 9,285 
Boiler stop valves...... 3,003 
Water in boilers, 44 inches above tubes............ 187,704 
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4 REVOLUTIONS FOR FIFTEEN-MINUTE PERIODS OVER MEASURED 
COURSE ON LONG ISLAND SOUND. 


Average Revolutions per minute 
for each 15 minute period. 


| 
Starboard.| Port. Mean. 
& 
Ae | Counter readings at 10 0g 30 A.M. 
10 09 30 Starboard 10,665 
Io 25 179.2 176.5 177.85 POR 638,899 
Counter readings at 12 07 12 P.M. 
10 55 78-4 | Starboard 31,663 
Ir 10 1786 172.9 | 17575 | Port 
25 176.6 172.6 174.6 259 4 
Il 40 178.0 | 172.2 | 175.1 Counter readings at 12 27 55 P.M. 
Ir 55 180 8 172.4 1766 35.288 
P.M. Port (at 12-27-40)... 662,800 
176.5 173-2 | 174-85 Counter readings at 2 35 P.M. 
12 43 182.3 1717 | 177.0 Revolutions of stb’d eng. in 3 47 22 
12 58 | 1743 176.35 | 49:693- 
an 180.3 1753 | 1 77.8 ae of port eng. in 3 47 37 
I 43 179.0 172.1 | 175.55 
1 58 1780 174.1 | 176.05 178.975 
181.7 174.0 | 177.85 7 
2 17 35 179.3 1822 | 18075 te = 173.380 
227.6167 
| Mean = 176.1775 
TRIAL. 


The official trial took place December 7, 1893, and consisted 
of a run each way over a course 36 miles long, on Long Island 
Sound between Saybrook Point and Stratford Shoal Light. 
The depth of water on this course was about 17 fathoms. 

r Indicator cards were taken every half hour from each main 
cylinder, and once an hour from the circulating pumps. Cards 
were taken after the trial from the air pumps, bilge pumps, feed 
pumps, and blowers, under as nearly as possible the conditions 
of the trial. The indicator gear of the starboard I.P. cylinder 
was disabled at the beginning of the first run, and the mean 
effective pressure in that cylinder was calculated by using a 
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constant determined from the port engine. The indicators used 
belonged to the ship’s outfit, and no corrections have been ap- 
plied. Both auxiliary condensers were in use, and received the 
exhaust from all the auxiliary machinery, except the main air and 
circulating pumps, which exhausted into the main condensers. 
All main and auxiliary machinery worked most satisfactorily in 
all respects. 

Reciprocating counters, which could be thrown in and out of 
gear electrically, were used for recording the revolutions of the 
main engines during intervals when cards were being taken. 
They worked satisfactorily for this purpose, and would undoubt- 
edly furnish a reliable method of recording the exact number of 
revolutions during any interval. 

The coal used was hand picked Pocahontas, and bagged so 
that a reliable estimate was obtained of the coal used on the 
trial. The safety valves of the forward boilers were blowing 
constantly, and at times very strongly, during the trial, and 
those on the after boilers were blowing moderately at intervals. 


DATA OF TRIAL. 


Draught at beginning, feet and inches........... wareanl... 


Draught at end, feet and inches, 


Draught, mean, for trial, feet and inches.........4 


Displacement, at mean draught for trial, tons,.,.........0+ 
Area immersed midship section, square feet........ 


1.H.P. total per 100 square feet wetted surface ......... cee oe 48.68 
Slip (mean of both per cent.. 12.08 
Grate surface (during ‘trial square 


SYNOPSIS OF STEAM LOG. 
Starboard. Port. 


Steam at first receiver (absolute)..,... 85.1 


} 
........ 309 33.5 
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Vacuum in condenser in inches of Mercury ......... 
Revolutions of main engines per Minute.. 
Revolutions, mean, of both engines.......... 
Revolutions of air-pump engines per Minute... 
Revolutions of circulating pumps per minute........... 
Revolutions 4 3 blowers per 
Revolutions 33 X 24 blowers per minute, forward fire rooms...... 
Revolutions 34 2} blowers per minute, after fire rooms......... 
Double strokes bilge pumps per minute .. cos 
Double strokes feed pumps per 
Cubic feet swept through per minute by L.P. piston per I.H.P. 

{ Steam at H.P. cylinder... 
Engine rooms ,,....0. 

Temperature in degrees Fahrenheit., Discharge........ 
Feed tattle 
Feed in fire rooms......... 
Fire rooms, 


Steam cut off in fraction of stroke from beginning...... 1 


Mean pressures in J L.P....... 


| Aggregate equivalent re- 

ferred to 
Collective, both engines ove 
Air pump. 
Circulating PUMP ......00- « 


Auxiliary condenser pumps, estimated .,...... 


Starboard, Port. 

26.2 25.9 

Wide. Wide. 
775-58 751.31 
178.98 173.38 

176.18 
157.20 161.49 
155-70 164.41 
450.40 560.25 
689.60 699.56 
566. 663.46 
32.85 39-14 
21.75 


6.30 6.13 
372. 


14.40 


1.H.P. collective, main engines, air, circulating and feed pumps... ++. 5,376.78 


1.H.P. collective, all main and auxiliary engines....-.... 


1.H.P. collective, all machinery, per square foot of G.S.........0. 


5,450.65 
10.27 


* The corrected I.H.P. was 4,863.30.—Epb. 


10 


2 
= 
> 
89.7 = 
44.5 
84.6 88. 
115.7 123. 
120. 
68 68 
36.37 37.40 
789.84 754.05 
882.27 866.90 
983.75 1,025.90 
2,655.86 2,646.79 
| 5.302.65* 
15.65 15.95 
} 9.95 10.5% = 
22.10 
a 
1.04 1.23 
54.20 
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I.H.P. collective, all machinery, per square foot of H..S......... 
1.H.P. per ton of propelling machinery, boilers, and water.........00 sessssees 
I.H.P. main engines, air, circulating and feed pumps, per square foot G.S.. 
1.H.P. main engines, air, circulating and feed pumps, per square foot H.S.. 


Square feet cooling surface per I.H.P. coceceee 

Air pressure, in inches of water, in ash 
Air pressure, in inches of water, in furnace 
Pounds of coal burned per 
Pounds of coal per hour, per square foot G. S.. ichedaasNenbsscmeseeenehidéapiasenkes 
Pounds of coal per hour, per square foot H.-S. ces 


Pounds of coal per hour, per I.H.P., all machinery. ......0. ..ceeecesse-co cesses 
Pounds of coal per hour, per. I.H.P. main engines, air, circulating and 


0.49 
11.52 

12.99: 
.48 
2.03 
1.41 
1.08 
0.88 
15,690.43 
37.88 
1.42 

2.88 


2.92 
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MODERN CRANES. ' 


By B. H. Warren, Ass’t Eno’r, U. S. Navy (RETIRED), MAn- 
AGER CRANE Dep't, THE YALE & Towne M’F’G Co. 


LOCOMOTIVE CRANES. 


Usage has restricted the term “locomotive crane ” to a hoist- 
ing machine which is self-propelling and which usually travels 
on tracks laid on the ground, as distinguished from the “ travel- 
ing crane,” whose tracks are overhead. Locomotive cranes, in 
addition to the functions of hoisting and of locomotion, have 
usually a third function, viz: that of rotation. They are thus 
capable of lifting a load, and of rotating and traveling with the 
load suspended. Their motive power consists, nearly always, of 
a steam boiler on the crane, the steam from which is utilized in 
one or more pairs of engines also attached to the crane. Thus 
constructed, the crane is entirely self-contained and capable of 
service wherever tracks are provided on which it can travel. A 
few electric-locomotive cranes have been built, operated by elec- 
tric motors furnished with current taken by trolley from an over- 
head wire, but as a rule this construction has no advantages, 
but rather many disadvantages, as compared with the self-con- 
tained machine, which carries its own steam generator and en- 
gines. 

In Europe locomotive cranes are in vastly greater use than in 
America, owing in part to the difference in methods of handling 
and shipping heavy material, but due also to the fact that America 
is as yet far behind Europe in the appreciation and use of cranes 
of every kind. Notwithstanding this fact, American users of 
locomotive cranes already demand from them a far higher effi- 
ciency and endurance than is expected in other countries where 
such cranes have been long in use. The Yale & Towne M’f’g 
Co. was the first American maker to undertake the adaptation of 
the locomotive crane to American requirements. It began by 
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LOCOMOTIVE CRANES. 


Usage has restricted the term “locomotive crane” to a hoist- 
ing machine which is self-propelling and which usually travels 
on tracks laid on the ground, as distinguished from the “ travel- 
ing crane,” whose tracks are overhead. Locomotive cranes, in 
addition to the functions of hoisting and of locomotion, have 
usually a third function, viz: that of rotation. They are thus 
capable of lifting a load, and of rotating and traveling with the 
load suspended. Their motive power consists, nearly always, of 
a steam boiler on the crane, the steam from which is utilized in 
one or more pairs of engines also attached to the crane. Thus 
constructed, the crane is entirely self-contained and capable of 
service wherever tracks are provided on which it can travel. A 
few electric-locomotive cranes have been built, operated by elec- 
tric motors furnished with current taken by trolley from an over- 
head wire, but as a rule this construction has no advantages, 
but rather many disadvantages, as compared with the self-con- 
tained machine, which carries its own steam generator and en- 
gines. 

In Europe locomotive cranes are in vastly greater use than in 
America, owing in part to the difference in methods of handling 
and shipping heavy material, but due also to the fact that America 
is as yet far behind Europe in the appreciation and use of cranes 
of every kind. Notwithstanding this fact, American users of 
locomotive cranes already demand from them a far higher effi- 
ciency and endurance than is expected in other countries where 
such cranes have been long in use. The Yale & Towne M’f’g 
Co. was the first American maker to undertake the adaptation of 
the locomotive crane to American requirements. It began by 
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purchasing working drawings from English, French and Ger- 
man crane makers and by importing a crane built by one of the 
best English makers, its purpose being to avail itself of the 
latest and best European products. Its first cranes built on 
these lines failed to satisfy the requirements of users, and all of 
the drawings and patterns pertaining to them were soon perma- 
nently discarded. The new designs which followed were much 
better, and the cranes built from these gave fair satisfaction. 
Almost immediately, however, American users began to demand 
greater power, higher speeds, ‘and, especially, the substitution of 
better forms of clutches in place of those employed in- English 
cranes. The endeavor to meet these demands has resulted in a 
steady evolution of the locomotive crane during a period of more 
than ten years, and in the development of designs which are 
radically different, in almost every detail, from those originally 
adopted, and which are believed to be greatly in advance of the 
best foreign practice. The illustrations and descriptions which 
follow relate to the locomotive crane as thus developed and now 
built by the Yale & Towne M’f’g Co. 

The photographic picture is taken from a ten-ton crane with 
variable radius gear, and shows the general construction, except 
that in many cases a house or roof of corrugated iron is built 
over the mechanism to protect it and the operator from the 
weather. It will be seen that the main platform of the crane is 
of steel beams framed together, to which is attached, underneath, 
the boxes for the axles of the truck wheels, and in the center of 
which is fixed a heavy center casting on which is mounted the 
rest of the structure, including the friction slip-ring whereby the 
crane is rotated upon its axis. Above this is the rotating bed or 
housing on which all of the mechanism is assembled. Mounted 
on the rear of this bed is the steam boiler, and between this and 
the mechanism stands the operator, with all of the controlling 
levers within his convenient reach. The motive power is fur- 
nished by a pair of vertical engines connected by a crank shaft 
carried by the two inclined frames forming a part of the rotating 
bed or housing. Power is taken from this crank shaft for each 
of the three functions, hoisting, rotation and propelling, by means 
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of suitable gears and clutches. On top of the housing is a pair 
of winding drums for varying the angle of the boom in order to 
change the radius of the crane, and to raise or lower the head of 
the boom to enable it to pass under obstructions. The truck is 
provided at each end with a coupling bar, whereby the crane 
may be coupled to cars and may be used as a shifting engine, for 
which purpose it is very frequently employed. For all capacities 
up to ten tons these cranes are usually constructed to travel on 
tracks of standard gauge, in order to utilize the ordinary tracks 
in yards and buildings. For cranes of larger capacity, or where 
exceptional! stability is required, a broader gauge is used, usually 
of seven feet. 

Plate I contains three views of a similar crane, viz: A side 
elevation, an end elevation and a plan. 

Referring to these it will be seen that the motive power, com- 
prising a boiler and a pair of engines, is all mounted upon the 
rotating bed and has no connection with the main platform or 
truck of the machine except through the center pin or axis. 
Vertical engines are found preferable to horizontal ones, as caus- 
ing less vibration to the crane. This is always an important fac- 
tor, and is particularly so when a crane is to be used upon a 
bridge or other structure which might be injuriously affected by 
any excessive vibratory action. At least two engines, coupled 
at right angles, are necessary in order to insure prompt starting 
from any position and to equalize the power. A separate pair of 
engines might be used for each of the three functions, but this 
would largely increase the weight, cost, and complexity of the 
mechanism. Experience has established the fact that it is better 
to have a single pair of engines, large enough to furnish all power 
required, and to utilize this power for all of the several functions. 

A link-motion valve gear is used, which affords nice adjust- 
ment of speed and power, and which enables the motion of the 
engines to be quickly reversed. The distribution of power is 
further controlled by means of clutches, of which there are 
always gne for transmitting power to the hoisting train, two for 
operating the rotating gear in any direction, and usually one for 
the propelling gear, the motion of which latter is reversed by 
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reversing the engines. When desired, two clutches are provided 
for the traveling or propelling gear, but experience has shown 
that it is preferable to control the direction of travel by reversing 
the engines. For rotating, on the contrary, two clutches are 
needed, as it is frequently desired to rotate in either direction 
while hoisting is being effected. The function which requires 
the greatest power is that of traveling, especially if the crane be 
used as a switching engine, which is frequently the case. The 
power needed for this purpose is ample to effect both hoisting 
and rotating simultaneously. In practice the motive power is 
usually made ample to effect all three functions at once. It may 
be added that a single pair of engines is much more economical 
in power than three separate pairs would be, which is an impor- 
tant item, as the crane must carry its own supply of water and 
fuel. 

Referring now to the several functions, they may be described 
as follows: Power is taken from the first or crank shaft by a 
clutch gear driving a large spur wheel attached to the hoisting 
barrel, the latter provided also with a large strap brake. The 
load is suspended on either wire, rope or chain, preferably the 
former, for cranes of ten tons and upward, and the drum or 
barrel has sufficient capacity to receive all of the chain or rope 
in a single wrap without overlapping. The load is held and 
controlled, in lowering, by a powerful strap brake, operated by 
a foot lever, and of such construttion as to easily admit of wide 
variation in the rate of speed of lowering without danger of the 
load accelerating too quickly and getting away from the opera- 
tor. With the engine in continuous motion the operator releases 
the strap brake by his foot, and effects hoisting by moving the 
lever of the hoisting clutch. By slightly releasing the latter he 
may permit slipping to take place equal to the speed of the 
shaft, thus neutralizing the hoisting power and holding the load 
stationary at any point, or may accomplish the same result by 
simultaneously throwing on the strap brake and throwing out 
the hoisting clutch. He may also control the motion of the load 
by stopping or changing the speed of the engines either by 
means of the reversing lever, connected.with the link-motion, 
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or by means of the throttle valve. This facility of control 
enables an expert operator to manipulate the crane with great 
rapidity and yet with perfect smoothness and safety. 

The rotating mechanism has often been a troublesome feature 
in these cranes, but by the adoption of the “ Grafton patent slip 
ring,”’ used in all locomotive cranes built by the Yale & Towne 
M’f’g Co., it is made as reliable, smooth and safe as the other 
functions. This device consists in a large ring, having spur 
teeth on its periphery and fitting loosely upon a turned path or 
bed provided for it on the main frame or truck. The rollers 
which support the rotating bed bear on top of this loose ring, 
and the friction thus developed tends to prevent its turning. A 
pinion, shown in the side elevation of Plate I, engages with this 
slip ring, and is driven by a bevel wheel, on the upper end of its 
vertical shaft, which gears into one or the other of two similar 
wheels mounted on a transverse horizontal shaft, each connected 
thereto by a friction clutch. With this shaft rotating contin- 
uously in either direction, rotation of the crane is effected in any 
direction by throwing in either one or the other of these two 
clutches, thereby causing the pinion to rotate. The effect of this 
is to cause the pinion to tend to travel upon the periphery of the 
slip ring, and this will be the result if this motion be made 
slowly and gradually. If, however, the rotating power be thrown 
suddenly into gear, the inertia of the superincumbent parts will 
be greater than the frictional resistance to the slipping of the 
slip ring, which latter will, therefore, rotate backward until the 
inertia of the mass has been overcome, when the crane will begin 
‘to rotate and the ring will cease to slip. These several parts are 
so nicely adjusted that, by this simple means, all tendency to 
shock is avoided, and rotation may be effected in either direction 
or may be reversed as frequently and as quickly as desired with- 
out any danger of breaking or even straining any part of the 
mechanism. The gain in time and convenience to the operator, 
where this device is used in connection with -good clutches, and 
the entire immunity it affords from shock and danger, is very 
apparent when the crane is seen in service. A crane thus con- 
structed, as to its rotating gear, is far safer, more convenient, 
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and more rapid in action than one not provided with such fric- 
tional safety device. 

The traveling mechanism is driven by power taken from a 
horizontal transverse shaft, by either one or two clutches, oper- 
ating through bevel gears to drive a vertical shaft located in the 
center of the machine, and passing downward through the hol- 
low steel center pin which unites the upper and lower beds or 
frames, and forms the axis of rotation, the lower end of this ver- 
tical shaft carrying a bevel pinion gearing into a bevel wheel 
mounted on a horizontal longitudinal shaft between the two 
truck axles. Each end of this shaft carries a bevel pinion, gear- 
ing into a bevel wheel on the respective truck axles. The power 
so transmitted thus operates to rotate the truck wheels and pro- 
pel the crane. Owing to the overturning tendency of the load, 
which may be such relatively to the counterbalance as to throw 
the whole weight on one pair of truck wheels, and entirely to 
leave the other pair unloaded, and also to the fact that the load 
may be at any point in the whole circle of rotation, it is neces- 
sary to apply power to all four of the truck wheels to make cer- 
tain that there shall always be sufficient tractive force to propel 
the crane under all conditions, and especially on tracks which 
are poor or wet, and also on curves and grades. Formerly, 
chains of various kinds were used for transmitting power to 
either or both of the truck axles, but this device has been found 
unreliable and objectionable. Chains so used inevitably stretch 
and wear, thus developing a slack which permits the engines to 
race while the slack is being taken up, and which causes a vio- 
lent shock to the whole mechanism when this has been done 
and the motive power thus suddenly applied to the truck wheels. 
The construction shown eliminates these serious faults, and, 
when controlled by an effective clutch, enables the traveling 
functions to be started and stopped without shock, smoothly 
and at any desired rate of acceleration. 

A fourth function is now usually provided, especially in cranes 
of the larger sizes, viz: a variable radius gear. The purpose of 
this is to change the radius of the hook, by raising or lowering 
the head of the boom. This enables the stability of the crane to. 
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be increased for heavy loads by shortening the radius, and its 
“reach” to be increased for light loads by lengthening the radius. 
It is also useful as enabling the boom to be lowered to pass 
under bridges or doorways. This mechanism consists of a 
drum mounted on top of the housing, and suitably connected by 
clutches with the motive power, whereby the wire rope guys, 
which support the outer end of the boom, may be wound or un- 
wound to vary their length. This device is usually not required 
except in cranes having a capacity of five tons and upwards. 

Obviously the form of friction clutch is an important factor in 
these machines. In European practice simple “jaw” clutches 
are largely used, notwithstanding their rudeness and tendency to 
cause shock and injury to the mechanism unless the motion of 
the parts is nearly stopped before the “ jaw” clutches are en- 
gaged. “Cone” clutches are also used in Europe, but with in- 
different success, because of the small friction surface they afford, 
the severe pressures they produce, and the resulting rapidity of 
wear. To overcome these difficulties the Yale & Towne M’f’g 
Co., after long experimentation, has developed a modified form 
of the Weston friction clutch which perfectly meets the require- 
ments, and which has proved thoroughly satisfactory. 

The construction of this clutch is shown by Plate II. It con- 
sists of a disc mounted on a shaft carrying a friction ring of iron 
or steel, clamped between two similar rings formed of wooden 
segments contained within proper recesses or pockets of two 
lateral carrying rings. The latter are connected together by a 
series of bolts, parallel with the shaft, whereby they may be caused 
to clamp or pinch the central steel ring by the action of two or 
more nipping levers, operated by a sliding cone on the shaft, the 
motion of which raises or lowers the ends of these levers. Ad- 
justing nuts on the ends of the bolts enable these rings to be 
properly set, and the wear of the wooden discs to be taken up. 
The friction surfaces being few in number, and all being true 
planes rotating on the same axis, very slight motion suffices to 
release or engage them. The parts are so attached that, when 
the cone is fully under the levers, the friction surfaces are so 
tightly locked that slipping cannot occur. By moving the cone 
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‘to different positions under the lever any desired amount of pres- 
sure can be obtained, thus enabling the clutch to be so used that 
more or less slipping shall occur during the period of acceleration, 
and until it is desired to lock the parts rigidly together. The 
wear produced by this slipping is borne by the wooden surfaces, 
which are so large that the wear is slight. Soft wood is found 
preferable because of its elasticity and lesser wear than hard 
wood, for which reason also the wood is used on its side, not on 
end. Each wooden ring is composed of a series of short seg- 
ments, which any carpenter can quickly saw out of a smooth 
plank of proper thickness, and the construction admits of their 
easy removal and renewal. Experience has firmly established 
the admirable qualities of this clutch, especially for the severe 
conditions of use and exposure which obtain in the case of 
locomotive cranes. The boiler is of the vertical tubular type, 
possessing quickness in generating steam, economy in fuel and 
large steaming capacity. The platform under it is utilized as a 
water tank, the weight of which and of the boiler, serves largely 
to counterbalance the crane. 

These cranes are further provided with clips whereby they 
may be clamped to the rails to give greater stability, if needed. 
European practice tends to depend largely on these clips, or on 
blocking, to provide the stability necessary to give the crane its 
full lifting capacity. The practice of the Yale & Towne Mfg. Co., 
however, is to provide sufficient counterbalance to make the 
crane self-supporting 7” any position, with its full load suspended 
at the normal radius. 

As the advantages of the locomotive crane for handling mate- 
tials have become more apparent to users, the element of “ hand- 
iness” has become a greater requisite, and has led to important 
modifications in many of the details of construction. This type 
of crane has now passed the stage of development and has been 
so thoroughly reconstructed and Americanized as to adapt it 
admirably to a very wide range of uses. Its great value is only 
beginning to be appreciated, and will undoubtedly lead to its 
much larger adoption in the future. It is only when used con- 
tinuously that its facilities of manipulation and capacity for rap- 


2 


Plate /. 


| 


| KOR 
» 
\ 
| 
— 
| 


— 
— 
4 
| 
— 
| 
Pa 


09 INMOL SIVA 


HOLNTO AALLONOOOT 


= 

a, 

8 
ag 
A | 
! 

| 
WY | 

GY i 8 | 
| 
Yy } / | ; | 
WS WA SS 
| 
| 


| 
| 
by 
iy 


MODERN CRANES. 155 


idly performing a great amount of work are fully developed. 
Wherever it has been introduced under conditions which admit 
of the full development of its efficiency, it has proved unexpect- 
edly useful and satisfactory, and has repeatedly effected an 
economy of time and labor so great as to enable the crane to 
thereby pay for itself within the space of twelve months or less. 
The field for its application is almost without limit, and it may 
confidently be predicted that American users will rapidly find 
opportunity for a steadily increasing use of the Locomotive 
Crane. 
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THE NEW THORNYCROFT BOILER. 


The modified form of Thornycroft boiler, referred to on page 
946, of volume V of the JouRNAL, possesses so many points of 
difference from the one which has become familiar during the 
past four or five years as to make it essentially a new type of 
water-tube boiler. The first of these boilers to be fitted in any 
vessel are in the British torpedo-boat destroyer Daring, which 
has three of them, and whose trials will take place at an early 
date. The description and the illustrations of the boiler are from 
“ Engineering.” 

Fig. 1 is a front elevation; Fig. 2 a longitudinal elevation 
partly in section; Fig. 3 a cross section, and Fig. 4 a plan, one- 
half of which shows sections at different planes. In place, how- 
ever, of there being two wing cylinders at the bottom and a sep- 
arator or steam-collector cylinder at the top, as in the original 
Thornycroft boiler, this boiler has one large lower cylinder and two 
small supplementary wing pipes at the sides. The grate area, as 
will be seen, is disposed on each side of the lower cylinder, so 
that there are two furnaces to each boiler, in place of one fur- 
nace, as in the older design. The main part of the heating sur- 
face is supplied by the series of tubes that connect the top and 
bottom cylinders. For the sake, chiefly, of insulation, a series 
of curved tubes run from the top cylinder to the two large pipes 
placed in the wings. These tubes are placed close together, ex- 
cepting where they are expanded into the top cylinder and con- 
nected to the wing pipes respectively, where the exigencies of 
construction compel them to be separated. Every alternate tube 
of this series has to be bent outwards, as shown in the cross-sec- 
tional illustration, and the spaces thus formed are stopped by fire 
tiles, as shown. It will be seen that these two outer series of 
tubes, being placed close together, form an insulating wall, by 
means of which the extreme heat of the furnace is prevented from 
attacking the smoke jacket or outer casing of the boiler, which 


‘ 
d 
\ 
C 
1 
ti 
u 
al 
tt 
h 
| o! 


THE NEW THORNYCROFT BOILER. 157 
is formed of sheet iron, and is placed close up to the insulating 
row of tubes, as shown. It would appear at first sight that this 
row of small tubes would afford but little protection, but it will 
be evident on reflection that the temperature of the tubes will 
not rise higher than that due to the boiler pressure, unless steam 
be generated in the tubes and become superheated. The excel- 
lent circulation maintained in the Thornycroft boiler is, however, 
relied upon as sufficient to prevent any superheating. It will be 
seen by the sectional plan, Fig. 4, that the wing pipes are carried 
right round the back of the grate, and are attached tothe bottom 
central cylinder by a flange. 

The tubes, however, are not carried further than indicated in 
the plan, so that the back end of the boiler has to be insulated 
by fire tiles or other means. The attachment of the tubes to 
the wing pipes is made by union joints, the ends of the tubes 
being flanged, and being held by means of glands, into nipples 
tapped into the wing pipes, a soft washer being used to make 
each joint steam tight. In the upper cylinder or steam sepa- 
rator, the ends of the tubes are expanded in the usual way. 

It will be remembered that a leading principle in the Thorny- 
croft boiler is that the tubes which form the heating surface are 
so arranged that the spaces enclosed by them constitute flues 
for the passage of products of combustion to the chimney. The 
same feature is retained in the present type of boiler. Thus it 
will be seen, by reference to the illustrations, that the main series 
of tubes—which are placed on the inner side of each furnace— 
have their extreme rows so arranged that the tubes are touch- 
ing, as in the single rows of insulating tubes. To effect this the 
tubes are bent at the ends, where they are expanded into the 
upper and lower cylinders. At the bottom and top, where the 
tubes join the cylinders, there are, therefore, triangular spaces. 
The products of combustion pass in through the triangular spaces 
at the bottom and ascend, circulating amongst the inner rows of 
tubes (which do not touch each other), and finally pass to the 
heart-shaped space in the middle of the boiler, which thus be- 
comes a smoke chamber leading to the uptake at the back end 
of the boiler. 
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In designing his water-tube boilers Mr. Thornycroft has 
always kept prominently in view the necessity for ample circula- 
tion. In order to obtain this in the older design, the ends of the 
top and bottom cylinders were carried beyond the casing of the 
boiler and were then connected by large pipes, to which the 
name of “ downcomers” has been given. No doubt in this way 
a very effectual means of circulation was set up, but a good 
deal of the structure was given up for no useful purpose so far 
as evaporation was concerned; indeed, it was cooling surface, 
which was an excellent thing from a circulation point of view, 
but not conducive to other efficiencies. 

Mr. Thornycroft has made his new boiler so that the whole 
is contained within the smoke casing, and the downcomers, 
which are now several in number, are placed within the central 
smoke chamber connecting the top and bottom cylinders, as 
shown in the cross and longitudinal sections. By the latter it 
will be seen that these downcomers are curved in form. This is 
probably done for the purpose of allowing for expansion when 
heated. It may be found possible to make these pipes straight, 
if there be no other reason for bending them than the desire to 
allow for expansion and contraction. 

An advantage claimed for this “ flue-way” system of arrang- 
ing the tubes supplying the heating surface is that the gases 
arising from the burning fuel are inclosed in a close combustion 
chamber, and in this way a nearer approach to complete com- 
bustion is obtained. In the present case the gases, as liberated 
from the coal, rise to the upper part of the space above the grate, 
together with the air blown through the fire by fans (when 
forced draft is used). The air and the gases in this way have 
a good opportunity of being thoroughly mixed whilst at the 
temperature necessary for combustion. Supposing a sufficient 
supply of air be maintained, the gases will not therefore be 
cooled down by contact with the surfaces of the tubes, before 
combustion is complete. It is also claimed that the “ flue-way ” 
system has the advantage of keeping the heated gases longer in 
contact with the heating surface of the tubes. It may be men- 
tioned, in connection with this point, that in the Lagrafel-d’Al- 
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lest boiler fire tiles were arranged so as to secure this advantage. 
It will be evident, however, that on general principles it is de- 
sirable to keep the heated gases in contact with the heating 
surface for a sufficient length of time to allow the heat to be 
transferred to the water to be evaporated. 

An advantage claimed for bent tubes, as in this type of boiler, 
as compared with the straight-tube arrangement, is that greater 
heating surface is obtained within given dimensions of space and 
also that a lighter boiler is produced, other things being equal. 
In water-tube boilers of this type, the tubes practically supply 
all the heating surface. The large cylinders used, however, 
form a very appreciable addition to the total weight, and it is 
evident that the smaller the proportion of weight contained in 
the cylinders the more effective the boiler will be for its weight, 
if other considerations are equal. 

With this new design, which may be distinguished as the 
Daring type of boiler, Messrs. Thornycroft state they get a more 
compact arrangement, so far as fitting the boat is concerned, and 
the advantage of the double furnace gives a boiler with a man- 
ageable size of grate and large heating surface. This is shown 
by the fact that the Daring has but three boilers, whilst it would 
have required six of the older type, such as is used in the 
Speedy ; which vessel, it will be remembered, had eight boilers, 
her engines developing over 4,500 horse power. 

In regard to the circulation question, to which reference has 
already been made, it is well to remember that not only has the 
protection of the tubes from the fire to be provided for by circu- 
lation, but also the question of deposit in the tubes arises. In 
this respect, the modern designer of water-tube boilers stands on 
a very different footing from his predecessors of ten or a dozen 
years ago. The great improvement made in evaporators and 
distillers, and—more important still—the recognition that it is 
an essential feature of good practice that these should be car- 
ried, makes the incrustation trouble very much lighter. The 
chief difficulty appears to be that which arises from grease 
which comes over with the feed. 
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In the Daring it is probable that, as in the case of torpedo 
boats, oil will not be used in the cylinders; but experience with 
the old type of Thornycroft boiler showed that a certain amount 
of solid matter was usually found deposited in the bottom or 
wing cylinders, and that the greater part of this plastic mass is 
combustible. 

It is possible that even this trouble will be got over by the use 
of a grease arrester, in the design of which there appears a prob- 
ability that success has been reached. At times, however, salt 
water may be expected to find its way into the boiler. A leaky 
condenser will speedily flood the boilers with salt water, as was 
proved on a recent trial trip, or it may be necessary to use salt 
water for make up through failure of the evaporators. Such an 
accident occurred to some torpedo boats built for a South Amer- 
ican navy by Messrs. Thornycroft, and containing the Thorny- 
croft water-tube boiler. In this case the boats were run for a 
considerable time on salt water, but arrived at their destination 
apparently in good order, and have been in work since. 

In some forms of water-tube boiler lime is inserted in the feed, 
and care is taken to heat the water to the point of ebullition be- 
fore it is brought into contact with the heating surface of the 
boiler. In this way the lime salts, together with the grease, are 
said to combine with the added lime, which is deposited in the 
form of mud and not of scale. By using such precautions it is 
said salt water can be used for make-up, care, of course, being 
taken that the saturation is not too high. Messrs. Thornycroft, 
however, state that the fairly extended experience they have had 
with their boiler indicates that such precautions are not neces- 
sary, but at the same time they do not advocate salt water being 
introduced into the boiler. 

The new type of Thornycroft boiler possesses to a greater de- 
gree than the older design the advantage of a lofty furnace. The 
difficulty in stoking long grates consists largely of the fact that 
in cylindrical furnaces of the ordinary boiler the coal cannot be 
thrown up. To borrow a term from artillerists, the trajectory is 
too flat, so that high velocity is required. In the trials of the 
Speedy the Sheerness stokers expressed themselves delighted 
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with the ease with which coal could be got all over the furnace, 
and in the new design this advantage will be still more apparent. 

This new type of boiler is also extremely well adapted to being 
grouped. In such cases the single rows of tubes are naturally 
only required on the outside boilers. Another point worthy of 
notice is that the design of this boiler can be easily accommo- 
dated so that it can be placed low down in the run of a vessel 
where the bottom fines. By raising the wing pipes a little the 
lower corners can be cut off practically without sacrificing heat- 
ing surface. 

On the whole, the boilers of the Daring are a most interesting 
addition to the great marine engineering feature of the hour, viz: 
the evolution of a trustworthy water-tube boiler. The trials of 
the vessel will be watched with much interest. 
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COMPARISON OF TYPICAL OCEAN STEAMERS. 


By J. M. Lincotn, AssociATE. 


The accompanying table has been prepared with a view of 
placing in convenient form the principal data available on typi- 
cal ocean steamers. The sources from which it has been com- 
piled are various engineering and trade publications, and trans- 
actions of technical societies, and as far as it goes, I believe it is 
reliable. There are, necessarily, many data which cannot be 
obtained for all the steamers, but I think this point will be ap- 
preciated by any one who may have endeavored to get complete 
data on a merchant steamer and her performance. 

The coal consumption is, of course, almost impossible of get- 
ting accurately, or if that is given correctly, the I.H.P. corre- 
sponding is not always reliable, so that the figures for that must, : 
in many cases, be accepted with considerable reserve, be 

The object attempted has been to put the most reliable data ae 
in such shape that it can be conveniently used. 


na 


Steamer. Type. Builder. 
= 
} 
| 
Ss. S. Fairfield | 1879 
Ss. S. | Thomp 1883 
s. | Thompson........+ | 1884 
S. | Fairfield........ 1881 
Ss. S. Baie 1885 
T.S. 
Ss. S. 
| 
T.S. 
City of Rome.......... Ss. S. 
City of T.S. 
City of Berlin S. Caled 1874 
Elbe S. Fairfield.. 
Ss. S. Fairfield .... 
Ss. S. Fairfield..... 
Empress of India........... T.S. | Barrow... 890 
Fiirst Bismarck ............ T.S. Vulcan | 1892 
Great Eastern .........-.+++ Scott-Russell .............. 1857 
Kaiser Wilhelm II. | Vulcan 1889 
Ss. S. Charges & C., France...! 1885 | 
T.S. Charges & C., France...| 1890 | 
7:4: Fairfield.. 
Fairfield.. 
Oregon .. S. S. Fairfield. 
Ormuz.... Ss. S. Fairfield. 
Stirling Castle............0 s. 8. Fairfield.......... 1882 
Servia.......... Ss. S. 1881 
Scotia . Side Wheel. | ...... 1862 
Scot... Denny Bros... 1891 
S. S. Vulcan 1890 
Bere T.S Harland & Wolff........... 1889 


T. S.—Twin Screw. 


| Hull. Tons 
| 
Owner. 
g 
| | & 3 
ala 
Z 
| | 
Guion Line.................., 464 450.2 45.2 | 35-7. 5,164 5,007 | 2,657 
| Cumard Line 472 5§7.2 | 37.2 7,269 | 4,040 | 3,468 
National Line............ 459 432. 38.6 5,528 5,138 | 2,834 
Guiom Line 500 50-38 6,932 6,586 | 3,554 
Ge 438 48.1 34.6 4,964 | 4,806 | 2,924 
Hamburg Line.... 459-3 55-7 28.1 7,661 | 4,275 | 3,893 
White Star......... 455 45-2 33-7 5,004 4,757 3,152 
Hamburg Line.............: 493-5 56.0 35.5 7,363 , 5,915 | 3737 
Cunard Line......... 622 (600 65.3 41.6 12,950 | 10,267 
Anchor Line 37 8,144 | 7,468 | 35453 
39-2 10,499 | 8,570 | 54739 
Inman Line... 34-9 5,526 | 5,151 | 3,302 
N. G. Lloyd 35-4 4,510 | 2,810 | 2,810 
N. G. Lloyd 34:5 2,054 
N. G. Lloyd 450 429 8 34-5 5,192 | 4,623 | 2,894 
Canadian ened R. R.. 485 455-6 51.2 36 5,905 | 5,098 | 3,003 
Anchor Line............ 445-1 44-6 34.5 5.495 5,038 3,613 
Hamburg 520 502.6 57.6 38 | 4,463 
Cunard Line............ 450 430.1 44-6 34.4 4,809 | 4,753 | 2,898 
692 679.5 82.6 58. 18,915 | 18,837 |... 
N. G. 449-6 51 35-6 | 6,970 | | 45773 
N. G. 465 448.4 49 ins 2,879 
French Line 494-5 480 52.3 34.4 2,985 
French §38-9 | §37-7 | 56.3 | 34-6 | 
French Line..... 459-3 5° 37-4 | 6,083 | ...... 2,687 
Hamburg Line. 520 500 | 57-5 34 1716 | 6,550 | 3,750 
Orient S. N. Co.. 460 $4456 46.3 351 5,365 | 5,118 | 3,28x 
Cunard Line... §20 501 | 54.2 39 7,500 
Orient S. N. 465.5) 52-1 34 6,031 | 5,66 2,940 
Pacific S. N. 460 49-3. 35-3. 0,059 | 2688 3,266 
Orient S. N. 482 469 53.6 | 37 6,910 3,222 
Donald, Currie & Co... ...... 400.2 42.6 21.4 , 3,878 | 3,639 2,521 
Italian Flag........ 430 «=. 418.6 50 30.8 916 | 4,111 2,419 
Cunard 530 515 52-2 37 7,392 | 7,212 3,971 
Cunard 369 47.6 30.6 4,667 | 4,660 2,931 
Union S. S. 460 54.6 37.6 6,500 | ...... = 
N.G. 485 46352 34 6,963 3,769 
White Star .......... apeesces 582 565.8 57.8 39.2 9,686 | 8,829 | 4,245 
501.6 57.2 38.2 8,128 | 7,129 3,699 
N. G. Lloyd a | 6 
G, Lloyd . 433.1 49-5 S109 4,596 | 2,93 


S. S.=Single Screw. 
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COMPARISON OF TYPICAL OCEAN STEAMERS, BY 


Displacement | gs | Kirk’s analysis. | En 
| | ~ | 
on 
St. in. 
2,657. 18 9g .589 269.2 217 153-79 | 7 30 6,300 17. | Compound...) 1-62 | 2-90 66 
3,468 20 0 575 266 204.6 170. 8 38 8,500 17.5* | Compound....} 1-68 2-91 72 | 
2,834 26 0 +570 935 345 265 169.3 | 8 32 7,354 17-8*| Compound,...| 1-63 |... 2-91 66 
3,554 21 0 614 904 | 245 160.23| 8 2 Compound.... 1-68 2-100 | 72 | 
2,924 0 .§90 -899 | 277 225 150.6 8 10) 7,974 17.9 | Triples... 44 7° TOO 72 | 
3,893 22 9 14,100 18.31 Triple.......| 2-41 2-67! 2-106 63 
3.152 23 6 | 873 289.3 | 129. 17 6 4,900 | 16. Compound,...| 2-48... 2-83 Go | cessed 
3737 9 ae 13,680 19.15 Triple...) 2-41 2-66 2-101 | 66 
25 0 30,450 23.18 437) 2-79 498 69 
39453 sh | 925 255 161.27} 8 29 11,890 18.23 Compound....| 3-46 | 3-86 72 
5:739 23 0 .603 20,625 21.8 ‘Triple. 2-45 2-71 2-413 60 
2,810 20 0 6,350 807. .sgt | .gor 275-5 229 144.6 7 56 5,665 16.5 Compound.... 60 
2,954 20 7h 7,030 877.593 997 273 223 1494 | 8 40. 7,251 '175 Compound... 60 
| 7,405 877 | — 6,970 175 | Compound.... 60 
3,613 , 22 2h 8,578 893 682 903 284 273 108.7 1o 28 4,045 | 14. 66 | 
4,463 {% 12,960 fo 16,412 | 20.7 | Triple......... 63 
2,898 5 6,125 |) .615 le d 
25 0 ,600 5,201 5-7 | ompound..., 75 | 
30 0 30,000 168 
25 6 27,000 | 8,500 14.5 | Simple......... 4B 
} 
2,985 24 0 | 91925 7,200 | 19-03 Compound.... 67 | 
| | 9,500 | 18.75 
2,687 119 98 | 7,075 | 614 219.5 146.41 | 8 44 6,950 | |} 
3,750 ° 11,500 16,352 | 20.78 | ‘Triple........... 66 
3,281 a | ‘oe 144.17| 8 18.53 Compound... 60 
23 8 | 11,000 1,150 | 49 «227.9 199 164.3 | 9 39 13,300 18.3 Compound... 72 
3,082 86 6 | 0,600 | 11,400 18.75 Triple........... 54 
2,521 170 5,130 648 623 .goo 284 258 122.9 8 49 2,436 13.25 Compound.... S7 | cessed 
2,419 3 7,600 -889 286.8 233-7 151.3 8 23 Compounid.... 66 | 66. 
23 3 10,960 1,04! 862 231 192 145.3 10 42 »141 
2,931 19 9 000 867 605 .g2 208.9 186 126.8 | 13 21 4,632 14.3* Side lever..... 144 | os 
23 0 10,000 sovest | 12,656 19 26 Triple... 60 
3,769 22 0 | 13,000 | 19.6 2-37.4 1-74.8 2-984 70.8 
4,245 22 0 | + | 19,500 | 21.0 | 2-43 2-68 2-110 60 
3,699 22 6 9,860 1,090 -538 .896 263 8 191.8 184. 8 36) 14,321 | 20,18 | Compound.... ZoJE | cocces 2-105 72 
a | | | | 
* Voyage. 
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BY VARIOUS BUILDERS.—-COMPILED 


Engine. Propellers. 
ers 2 | | | | j | 
2 | | 
| 
a Cylinder ratios. 
8 | 5 2 z a 
| Ft. in. Ft. in. Sq. ft. Sq. ft. Ft. In. | 
2-90 66 55 | 605| 1 to4.er I 415. 
| 2toxr, 2.53; 3 to 2, 2.04; 3 tor, 5.16... r | @ |92 6 
2-106 63 78 «819 | 2 tot, 2.03; 3 tO 2, 3.25; 3801, 5.09... 3 eo 96 | 2... 509 8 5 1 
2-101 | 66 74 814| 2to1, 2.25; 3to2, 2. 86; 3 tO 2, 6.37... 2 3 3: o 96 2...509 9 15 4 
3 
4-98 69 84 966) 2tor, 2.28; 3 to 2, 3.07; 7.07... 2 |“ | r 18 
I 10 
3-86 72 56 672 | 17,000 I «0 {33 452.39 4 
101 6B | | 2 to 1, 2.09; 3 to 2, 2. 2-49 3 to 1, 5.03... I 4 Gigs 6 
2-85 60| 66 660 I 9529 0, 3186 | 4 6 
2-82 54 | 89.5 | 805.5| 2to 1,2. 54; 3to2, 2. 58; 3001, 6.56.... 2 4 16 
2-1c6} 2 tO 1, 2.39; 3 to 2, 2.54; 3 to 1, 6.07... 10,800 2 3 997 86 2...567 9 1% 7 
168 25 +700 I sc. | } {374 w } 
4 48 55 440 . of jf 14 
63 | 70.5 740}| 2to1, 2.62; 3 to2, 2.51; 3 tor, 6.52.... 9,880 1 |28 2685 346.36 6 13 14 
1 aux 
2-85 72 72 840 | 1 2tO1, 2.12; 3t0 2, 3.2; 3 to 1, 6.84..... 14,000 1 3/190 B60, 14 4 
2 4 4 
2100, 65% { }e to 1, 2.21; 3 to 2, 2.68; 3 tor, 5.9...... 22,455 2 3 | 39 29 6! 9 
2-106 66 85 935 | 210%, 2.8; 3802, 2.5; 7.0.00 2 9 16 
112 | | 2tOT, 2.51; 3 tO 2, 2.35; 3tOT, 5.93... I 29 3 6 
too 72 | 64.5 774 | 2tO1,2.72; 3 to2, 2.29; 3 tor, 6.24..... 11,546 1 4 22 6 149.6 380.13 6 | 33 6 
85 54] 2tor, 2.28; 3102, 2.72; 6.14.0. 2 2..2453-96 7{6 {35 
2-92 60 80 Boo | tO 1, 2.77; 380 2, 2.56; severe 2 cover 2.-.476.48 6 
2-98.4 70.8| 70 . 826| 2tor, 2.04; 3 to2, 3.45; 3 t01, 6.99... 18,945 4°23 7°29 © 139 365.87 10 
8} 1 6 
2-110 60 78 780 | 2tO1, 2.5; 3802, 2.613 6.52.00. 2 3 6 108 2...597-28 4 12 
4| 12 
2-105 72 jo 840 | 1 to 4.39 1 Gigs 6 | 471. 9 16 6 
! 


| 
j BY J. M. LINCOLN. 
66 
65 
a 
#8 
Zz 
— 


Boilers. Coal. Ratios. 
| 
me. | Ft. In In. | Sq. St. Sq. ft. Lbs.| Tons. | | | 
6 | 17 6 780 19,500 go 6.3 994 9-95 12.89 
|; 8008 23,284 go | 8.1 1044 | 8.25 | 12.05 
882 22,750 5.38 1334 8.47 | 11.52 
1,242 10. | 10.00 | 12.6 
799 22,630 | | 9.12 12 66 
19 6 48 | 1,120 35,955 1276 | 8.28 11.79 
$0 | 465 19,500 1062 | 10.11 | 12.64 
54 | 183 «1,216 35,000 
3 60 1} 1,398 29,286 
F 1,026 
6 | 2 | 624 15,800 
| | | 780 19,700 
> 16 6 6 | 780 19,700 
| 8 1,453 47,000 
5 9 6 3 24 4g 538 13,000 24.1 75 1001.9 | 9-99 | 
| Sc. 30,000 Sc. 180 
4 4 588 18,090 30.8 157 390 | 8.98 | | BE.00 | 4.49 
18 9 
9 3 874 25,414 50 170 61.82 «1.69 1.23 8.4 1124 9.74 12.74 
| 830 24,918 28.9 85 1501.69 1.21 | .gos | 6.9 1295 9.47 14.34 
20 4 | | 
10 3 1,162} 33,617 28.8 150 260 2.00 1.69 1.039 10.4 9 22 1312 14.9 
; ‘$36 756 21,404 2837) 85.2 148 200 11 86 | 65, 59 1195 | 8.81 11.68 
se 66 8 72 | 1,453 46,490 31.1 | 160 306 «21.47 10.5 11.1 13.80 873 13.15 
17 6 6 24 620 15,820 25.5 1.01.55 9-43 499 4.51 1204 9.68 12.71 
5 16 9 8 72 | eeeee 1,428 38,047 26.6 | 110 320 2.2 1.77 121 93 (1156! 104 1274, 9 259 12.5 
6 36 | 850 26,000 30.6 | 150 | | 8.93) 13.5 
5 18 0 6 | crores 627 17,640 26.5 | 160 1.11 .76 10.79 5.34 1264 9.38 13.03 
}20 1h) 756 26,004 96:3. | 1.63 1.08 1508) 8.68 2323 8.99 12.69 
| 288 7,896 27.5 go 63 .47 8.49 3-76, 3.36 724 | 9-4 187 
787 21,161 269 | 100 106 8.48) 754 1113 8.4 13 63 
| 1,014 27,483 27.1 go 205 2.0 1.28 .94 to.15 9.84, 89 1159 9.9 12.72 
3 18 6 36 149 837 22,964 | 1.16 338. | crore 46 1253 9. 12.34 
18 6 
10 3 is 13 1,120 36,064 33.0 | 170 230 «6165 «189 1.46 BEB: 11.2 1144) 12.34 
6 I ° 6 | 
° 4 1,163 40,072 34-4 | 180 325 | 3.6 1.75 1.23 | 333 127t | ¢.82 14.55 
6 10 0 | | 
6 1% | 1,638 38,823 23.1 | 110 330 1.85 | 1.45 8.5 13-14 | 11.6 1283 8.77 12.5 


+ For 16 knots, 
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NOTES. 


TEST OF A YARROW BOILER. 


The “London Times” of November’ 22, 1893, contains an 
account of a test of one of the water-tube boilers intended for 
H.M.S. torpedo-boat destroyer Hornet, a sister to the Havock. 
The type of boiler was described and illustrated on Page 947, 
of Volume V, of the JourNAL, and the one tested had a grate 
64 feet long, 20.6 square feet of grate surface, and 1,027 square 
feet of heating surface. The following is the account of the 
test: 

To test the boiler under the worst conditions of working, 
it was placed in the open without shelter and exposed to the 
fog which prevailed on the day of trial. In the presence of 
several engineering experts who were in attendance, the boiler, 
filled to its proper working height with cold water of the tem- 
perature of the surrounding air, had its fire lit at 2°20 P. M.; at 
at 2°30 P. M. the steam gauge pointer began to move, at 2°36 P. 
M., the gauge showed 60 lbs. pressure of steam, at 2°40 P. M., 100° 
Ibs.; and at 2°42 P. M. a pressure of 180 lbs. per square inch was 
registered. The boiler not being within any enclosed space, to: 
produce the same effect on the fire as obtains in the application 
of forced draft on shipboard a steam blast, as in an ordinary 
locomotive, was applied in the funnel. This was put on at 2°40 
P. M., when the gauge indicated 100 Ibs. pressure, so that in two 
minutes after its application the pressure increased 80 Ibs. per 
square inch. The blast being under entire control, the air pres- 
sure used could be ascertained with exactness, and from readings 
of the gauge did not exceed 34 in. From 2°42 P. M.—two min- 
utes after putting on the blast—until the conclusion of the trial, 
at about 3°20 P. M., steam was maintained ard was blowing off 
at the full pressure of 180 lbs. per square inch, showing that 
with a much less pressure of air than was used an ample supply 
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164 NOTES 


of steam at that pressure could be relied on. As a crucial test 
of its effect on the construction and the fitting of the tubes of 
the boiler, the fire (which was in a glowing state at the time), 
was at 3:20 P. M. as quickly as possible withdrawn, and every 
access for the surrounding air to reach the interior of the fur- 
nace allowed; but on examination not the least sign of a weep, 
or anything approaching it, from any of the tubes was percep- 
tible—a fair proof of excellent workmanship and the soundness 
of the principle upon which the boiler is designed. 

The boiler is in form and construction so exceedingly simple, 
yet, at the same time, so novel, that we may fitly conclude our 
notice of its trial with such a description of it as should be under- 
stood by all our readers. In form, looking at it from the front, 
it is like the Roman capital letter A, surmounted by a circle at 
the point where the two sides of the letter meet. The circle isa 
cylindrical shaped vessel or chamber, some 7 ft. 6 in. long, into 
which the two sides of the letter, which are a series of small 
copper tubes I in. in diameter, penetrate, the lower ends of these 
being fitted into the serifs or feet of the letter, which in the 
boiler are semicircular bottomed chambers. The cross bar of 
the letter—but lower down than in it—would represent the fire- 
grate bars. Here we have the whole boiler. Water is pumped 
into the upper cylindrical chamber, flowing down and filling the 
side legs or tubes, and is continued until the upper chamber is 
nearly half full. The fire is made on the cross bars between the 
side legs, and the flame and radiant heat, passing in among the 
tubes, boil the water in them and convert it into steam, which 
rises in them to the surface of the water in the upper chamber, 
and is there collected and confined until required for use. The 
circulation of the water is here absolutely perfect, the rows of 
tubes nearest the fire acquire the greatest heat, and the water in 
them is, in consequence, made sensibly lighter and ascends, 
while that in the outside rows, being cooler, and therefore heavier, 
follows the natural law and descends, and takes the place of the 
previously heated water, thus keeping up a continuous move- 
ment and circulation of it. 

In confirmation of this efficient circulation of the water in the 
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boiler under description, the evaporation in it on the trial was 
calculated to have reached 12,500 Ibs. of water per hour, or 
100,000 Ibs. for the eight boilers, to be fitted in the Hornet. A 
comparison of this with the two locomotive boilers of the Havock, 
whose evaporation was 54,880 lbs. per hour, her engines indicating 
3,400 horse power, would give the boilers of the Hornet a power 
equal to 6,250 indicated horse, an amount largely in excess of 
what would ever be required from them. 

Comparing the weights of the two sets of boilers, those of the 
Havock, when full, weighed 54 tons, while the Hornet's, com- 
plete, with all fittings, will not exceed 43, or a saving of 11 tons, 
which, in vessels of the class, is considered by the naval author- 
ities an item of first importance. 


ALUMINUM YACHT VENDENESSE. 


This small yacht, launched at St. Denis during the first week 
in December, is the first vessel ever built of aluminum. She 
belongs to the Count de Chabannes, and “ Le Yacht,” from which 
this information is taken, says that she was originally intended 
to be of wood, and that she has been built solely for racing pur- 
poses. When the change from wood to aluminum was decided 
upon, the water line was lengthened and the lines fined some- 
what. The working of this metal naturally presented many diffi- 
culties at first, and many trials were made before the best way 
could be determined, especially in riveting the plates to the steel 
frames and beams. After completion she was thoroughly tested 
for water-tightness of hull, and, after launching, for strength and 
stability ; the tests were highly satisfactory. Her particulars are: 


Length on water line, feet and inches...... 39-4 
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About one ton of aluminum and one and a half tons of steel 
were used in her construction, and her hull is said to be 40 per 
cent. lighter than it would have been if made of wood. It has 
been coated with a special paint, put on similarly to anti fouling 
paint, in order to preserve it from the action of the sea water. 

The aluminum plates used in the construction of this craft are 
said to be the first ever made of such dimensions, and were rolled 
by M. Charpantier-Page, at Valdois, France. 


BOILER EXPLOSION ON THE FRENCH TORPEDO-BOAT SARRASIN. 


On the 13th of January, while this boat was making her 
speed trials, a boiler exploded, fatally injuring an engineer 
officer, and a machinist and two firemen of the French navy, 
and an engineer of the Cail Works, the builders of the machin- 
ery. “Le Yacht” states that she had made three runs over the 
base, and was just about to begin the fourth one when the steam 
gauge in the conning tower showed that the pressure had sud- 
denly dropped from 155 to 115 pounds. The engineer officer 
and the engineer representing the contractors immediately re- 
paired to the fire room to ascertain the cause, but had scarcely 
got there when an explosion occurred, and almost immediately 
all the people in the fire room, terribly burned and scalded, 
scrambled up the hatch. 

The boiler which exploded is of the Babillot type, designed 
so as to obtain a large amount of heating surface in proportion 
to its dimensions. The elements are each composed of a 6-inch 
pipe, within which there is another, the space between the two 
being filled with water, the heated gases passing around the out- 
side of the large tube, and through the inside one, the envelope 
of water, according to “ Le Yacht,” being only one-tenth of an 
inch thick (2} mm.). 

An experimental boiler of this type was tried in a small boat, 
and after a number of modifications were made the test was so 
far successful that its use was permitted in the Sarrasin ; the 
special boilers for this boat were tested on the dock before being 
put on board. She went through the preliminary trials without 
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difficulty, and then steamed unaided from Bordeaux to Rochefort, 
where the full speed trials were made. 

Numerous causes have been assigned for the explosion, the 
most generally accepted one being faulty feed, the circulation 
apparently being a forced one. As a result of it, orders have 
been given to take these boilers out of the Sarrasin and out of 
the Zourbillon, a sister boat. 

These boats are 144.3 feet long, 13.12 feet beam, and of 104 
tons displacement. They have twin-screw engines of 1,000 
I.H.P., and were designed for 20.5 knots. They have two tubes 
and three 47-mm. rapid-fire guns. 


MERCURY FOR TEST PURPOSES. 


At a recent meeting of the American Society of Mechanical 
Engineers, Professor Carpenter, of Cornell University, read a 
paper on “ Constants for correcting indicator springs that have 
been calibrated cold.” The “American Machinist” says that in 
answering questions on it Professor Carpenter stated that during 
some tests made at Cornell, in which a mercury column was 
used to indicate pressure, the results obtained were so far out- 
side the range of probability as to cause an investigation, and at 
length it was found that the mercury, which had been purchased 
at a drug store and came in a bottle marked “ pure,” had a spe- 
cific gravity of about 11, or 15 to 20 per cent. too low. After- 
wards, wanting a metal which would fuse at a low temperature, 
they prepared an amalgam of 50 per cent. mercury, the rest 
being tin and lead, expecting this to fuse at 106 degrees. It was 
found, however, that this mixture, which was only one-half mer- 
cury, looked and acted in all respects like mercury and would 
readily have been taken for pure mercury unless particular in- 
vestigation of it were made, the conclusion being readily drawn 
that some precautions must be taken to obtain pure mercury for 
use in determining pressures. 


QUESTIONS IN PARLIAMENT. 


The “ Marine Engineer” says that some very interesting statis- 
tics have been elicited «from the Naval officials in the House of 
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Commons recently by members of an inquiring turn of mind. 
Why the questions are put it is not always easy to discern, but 
here are some of the replies: The annual cost of the powder used 
by the Navy for saluting is £1,585. The annual cost of the 
effective list of accountant officers is £130,060; of the chaplains, 
including allowances to ministers of religion, £33,253, and of the 
domestics, £94,164. The average age of the Indian troop ships 
is 26 years and 6 months, and their average rate of speed 10.9 
knots an hour. There is accommodation in the existing train- 
ing ships for 5,706 boys, while the boys under training are 
3,700 in number, and there are 4,594 boys available for sea ser- 
vice. There are 5,791 boys borne on the books of the training 
ships, but 220 are in hospital, and there is usually a proportion 
amounting to about 3 per cent. in hospital during the winter 
months. The annual cost of a battleship during commission, in- 
cluding repairs, maintenance, sea stores, coal, pay and victualing, 
is estimated to amount to £501,000. Out of 77 armor-clad ves- 
sels owned by Great Britain, 40 are armed with muzzle-loading 
ordnance of obsolete type. Most of these vessels, however, are 
supplied with modern quick-firing guns on the B.L. principle for 
their auxiliary batteries. There are 19 naval and 17 military 
officers in the Naval Ordnance Department; that the latter should 
be so employed is in accordance with an arrangement made by 
the Admiralty with the Treasury when the stores were trans- 
ferred from the War Office charge. As vacancies occur in cer- 
tain of these appointments they will be filled by the promotion 
of warrant officers in the Navy. 


BRITISH ORDNANCE TRIALS. 


The tests of the 10 inch guns and mounts of the Centurion and 
of the 12-inch ones of the Revenge are thus reported in “ Engi- 
neering”: 

The new battleship Centurion has finished her ordnance trials, 
which were of special interest, owing to the mounting and load- 
ing gear being by Sir Joseph Whitworth & Co. The armament 
consists of four 10-in. 29-ton guns mounted in redoubts; ten 4.7- 
in. quick-firing guns, of which four are carried in armored case- 
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mates ; eight 6 pounder and twelve 3-pounder Hotchkiss quick- 
firing guns ; a complement of field and machine guns, and seven 
torpedo tubes, two being submerged. The chief features in the 
ship are the disposal and mounting of the main armament, which 
is arranged to fire through an angle of training of 240 degrees in 
pairs or independently, and notwithstanding the weight, which 
amounts to about 200 tons, including shields, guns, mountings 
and turntables, can be worked by either hand or steam appli- 
ances, or by both in combination. The mountings have been 
specially constructed to secure high-angle fire. 

The heavy guns and their mountings are contained in a couple 
of redoubts, which are, in fact, a blending of the two methods in 
vogue (turrets and barbettes); that is to say, while the 10-in. 
walls of the redoubts are circular and vertical like a turret, they 
are fixed like a barbette. They differ from the barbettes in the 
fact that they are built up in segments and not in flat slabs. The 
redoubts are topped with nickel-steel hoods or shields for the 
protection of the gun crews, these shields being carried on the 
turntables and rotating therewith. The shields, which are pear 
shaped in plan, slope upwards and backwards, after the manner 
of a barbette, an arrangement which gives an effective resistance 
to horizontal fire of 11 in., although possessing an actual thick- 
ness of only 6in. The obliquity of the armor has also the ad- 
ditional advantage of causing the shot to glance off before pene- 
tration. Briefly, the arrangement may be described as a turret 
revolving within a fixed barbette. 

The supply of ammunition is arranged in such a way that the 
guns can be loaded at any angle of training, without coming to 
a fixed loading station after each discharge. So far as elevation 
and loading are concerned, they can be manipulated by hand, 
and the training is effected from the sighting stations by a couple 
of steam engines, fitted on the machinery deck, which drive ver- 
tical shafts provided with pinions, gearing into a rack on the turn- 
table. Hand gear is also supplied as an auxiliary. It is also 
intended to fit electro motors to the elevating apparatus, designed 
for a large angle of fire, viz: minus 7 degrees, plus 35 degrees 
elevation. The loading station being almost horizontal, the elec- 
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tro motors will be valuable adjuncts to the hand-elevating appli- 
ances when the guns have to be moved through the angle from 
loading position to maximum elevation or thereabouts. The 
motors, however, are merely auxiliaries, as the elevation can be 
accomplished by the manual gear, though less expeditiously. 
The front of the shield is sloped at an angle which allows of the 
guns being moved through an exceptional range of 42 degrees 
without requiring unduly large ports. The guns are mounted 
upon two gravity-return slides, which are provided with hydrau- 
lic brakes for checking recoils. Powerful springs insure the re- 
turn of the guns, even when the ship is considerably heeled. 
The guns are secured to the turntable, which is carried on a live- 
roller ring. The lower path is supported on a structure entirely 
independent of the redoubt, which is built above the upper deck 
to the base of the shield and extends downwards to the armored 
deck, and consequently completely incloses the turntables, roller 
paths, ammunition hoists and the training mechanism. 

In the center of the redoubt is a tube extending from the 
magazine deck to almost the underside of the turntable. It is 
divided vertically into two compartments, each of which is fitted 
with guides and cages, one of them worked by hand being for 
emergency use, the other having steam hoisting gear. The am- 
munition is lifted into the cages from the magazines and con- 
ducted to the top of the central tube, which terminates in a 
chamber secured below the turntable, and revolves with it around 
the tube. This chamber is fitted with two hoists, one behind 
each gun, and each capable of carrying a projectile and a couple 
of half-charges, and delivering in rear of the breech in readiness 
for loading. The hoists are worked by windlasses by men inside 
the chamber. The “ready supply” of projectiles are stowed 
around the sides of the chamber, about sixty rounds being thus 
disposed of. An electro motor is being fitted to the upper hoist 
for rapid transport of the charges to the guns. The sighting 
arrangements are similar to those in many other of Her Majesty’s 
ships, except that, owing to the large angle through which the 
guns move, special arrangements have had to be adopted to in- 
sure the angular movement of the sight bars through the ex- 
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treme range. Each shield has two sighting hoods, from which 
either of the guns in the redoubt is trained and elevated, the lat- 
ter operation being effected by means of an electric switch or by 
a handwheel. The guns fire the usual 500-lb. projectiles with 
252 lb. of B. cocoa powder. The normal length of recoil is 30 
inches, and the control is effected by a central tapered bar. 

As carried out, the order of firing, according to the “ Times,” 
was as follows: 


| 
| | 
Gun = | Charge. Elevation. | Bearing. 3 
| | 
in. 
| | Reduced... 2 degrees...| 16 deg. abaft starboard beam,,.| * 
|} 2| Full... 6 “ 10deg. before port beam........| 30 
| Left gun | 43 10 deg. abaft starboard beam...| 30 
| {1 | Reduced... 2 “ ...| 16 deg. abaft starboard beam...| 30 
| 2 | Full..........) 6 10deg. before port beam........| 30 
15 “ 10 deg. abaft starboard beam,..| 30 
t 344 “  ...| Starboard beam... 21} 
{1 | Reduced..,! Horizontal.,,; Port beam....... 
| | (1 | Reduced.,.; Horizontal...| Port beam..... 30 
Half.........1 35. Starboard beam 


* Not recorded, 


It will be observed that there was great regularity of recoil. 
The rounds discharged from each of the four guns were in ex- 
cess of the usual number, extra tests being deemed indispensable 
in a case of a system not hitherto put tothe test. The third and 
fifth from the guns in each barbette were discharged simultan- 
eously. Half-charges were used at 35 deg. elevation, because the 
mountings are only designed for reduced charges at high eleva- 
tions. After each salvo careful observations were carried out for 
the purpose of ascertaining whether any deflection in the turn- 
tables had taken place during the double strain. Not the slight- 
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est deviation from the horizontal was noticed in any direction. 
The trials throughout were in every respect successful. There 
were no hitches, the only defects recorded being confined to a 
few minor fittings which were of a temporary character, owing 
to the trials having been hurried on to enable completion of ship 
in matters dependent on trials. When completed for sea, the 
Centurion will relieve the /mpérieuse on the China station. 

The Revenge completed her gunnery trials at Portsmouth on 
the 18th of January. As her smaller gun-fittings had been sat- 
isfactorily tested on the previous day, the day was devoted to 
firing from her 6-in. quick firing guns and her barbette arma- 
ment of four 67-tonners. The principal interest was centered on 
the after barbette, the right gun of which was experimentally 
mounted upon an improved slide. The original Elswick arrange- 
ment, as fitted to the other heavy guns, consists of a single 
recoil cylinder, having a large number of spring-loaded valves 
attached at the rear of the recoil press. This system was con- 
sidered objectionable, on account of the liability of the valves to 
get out of order and to permit the gun and carriage to recoil 
without control, and it was deemed advisable to substitute a 
simpler and more trustworthy arrangement, with as few loaded 
valves as possible. It was decided to apply what is known as 
“the pull-and-push” method, requiring two cylinders, but a 
single loaded valve, which can readily be examined and adjusted 
as circumstances demand. The system, however, is only new in 
its application, as it is merely a development of the original 
Vavasseur mountings as first adopted in the service. In the 
ships about to be built the “ pull-and-push ” system is to be still 
further simplified ; instead of two there will be only one recoil 
cylinder per gun, and the presses will not be interfered with, 
the running in being performed by the force of the recoil, and 
the running out by means of springs. In the Revenge the run- 
ning in of the gun on the slides is accomplished by the admission 
of water to one cylinder, and the running out by admitting it to 
the other. It may be mentioned that the principle of recoil 
presses fitted with valve keys is already extensively applied to 
small mountings. 
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Three rounds were fired on the 18th instant from each gun in 
the after barbette, with reduced and full charges (that is to say, 
with 472} lb. and 630 lb. of S.B.C. powder, carrying a projectile 
weighing 1250 lb,), and an extra round from the right gun with 
an extreme elevation of 13} degrees, for the purpose of securing 
a diagram of pressures. The new mounting was perfectly suc- 
cessful, the only noticeable feature being the fact that the length 
of the recoil was practically the same under the reduced as with 
full charges. With three-quarter charges the recoil of the right 
gun was 4 ft. 7} in., and that of the left gun 4 ft. 7 in. With full 
charges the recoils of the twin guns were substantially identical, 
that of the right gun being 4 ft. 8} in., and of the left 4 ft. 7 in., 
when fired simultaneously with 10 degrees of elevation. The 
difference is due to the application of different principles. In the 
hydraulic system the resistance behind the gun is already formed, 
and the length of the recoil varies with the charge, while under 
the bar system the resistance is generated by the recoil itself, and 
may be regarded as practically constant except as regards veloc- 
ity. There were no misfires during the firing. 


AN EVAPORATOR EXPLOSION. 


A singular explosion occurred recently on board the English 
battleship Resolution, resulting in seriously burning an artificer, 
who was examining one of her evaporators. It appears that she 
has two of Weir’s evaporators, one fitted on the starboard side 
and the other on the port side of the engine room. Since the 
vessel has been in commission the water which has been dis- 
dilled has proved brackish, and although this might be due to 
working the evaporators at a low pressure (which would cause 
priming), it was decided to make an internal examination to see 
if there was an alternative reason for the unsatisfactory results 
obtained. 

One of the evaporators had been examined and the manhole 
plate on the other removed preparatory to examining it. In 
order to make a proper examination it was necessary for the 
artificer to get inside, but just as he put his light to the opening 
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an explosion occurred, his clothing caught fire, and he was badly 
burned about the arms, face and neck. 

An official inquiry was made to ascertain the cause of the ex- 
plosion, but no definite cause was assigned. The general belief 
seems to be that the gas was hydrogen, and that its presence was. 
due to the fact that zinc plates had been suspended in the evap-. 
orator to prevent corrosion of the heads and shell, the tubes 
being of copper. 


| 
4 
f | 
| 


SHIPS. 


UNITED STATES. 


Olympia.—The official trial of this vessel was made in Santa 
Barbara Channel on the 15th of December, over a course 42.98 
knots long, one run being made in each direction, and was re- 
markably successful. The following are the mean results : 


1.H.P. main engines, air and creating PUMPS... 17,035, 
Mean draught, feet and inches... 200 000 200 co cee cee sce 


An extended account of the trial, with description of the hull 
and machinery, will appear in the next number of the JourNAL. 

Montgomery.—The official trial was made in Long Island 
Sound on the 1gth of January, with most satisfactory results, 
the speed exceeding that of the sister ships, Detroit and Marble- 
head. As the Detroit and Montgomery differ somewhat in details. 
from the Mardélehead, a full description of the Montgomery, with 
the trial data of her and the Desroit, will probably be given in 
the next number of the JouRNAL. 

The following are the principal data of the trial : 


Speed in knots ........ 19.056 
Steam pressure in boilers, pounds ...,,.... 165, 
Air pressure in ash pits in inches of water 1.4 
1.H.P. main engines, air and circulating 53527 
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Machias and Castine—The recommendations of the Board 
appointed by the Secretary of the Navy to determine the most 
effective means of increasing the metacentric height of these 
vessels has been approved, and will be carried out at the New 
York Navy Yard. The recommendations were to cut the ships 
in two about six feet abaft the midship section, and put in a sec- 
tion 14 feet long; to reduce the height of the smoke-pipe 10 
feet; to replace the 28-foot steam cutter by a 26-foot one; to 
remove the center bridge and the fore-and-aft one; to omit the 
wire hawsers, reels and nippers ; to reduce the size of the masts, 
and to remove the armored sponsons. The section thus put in 
will come just abaft the boilers and will form a large coal bunker, 
which will increase the bunker capacity about 83 tons; the bot- 
tom of it will be fitted as a fresh-water tank, holding about 16 
tons, into which will also be put about 5 tons of ballast. As 
thus altered, the displacement of these vessels will be 1,281 tons, 
the draught of water being 12 feet 3 inches. 

Gunboat No. 7.—The contract for her construction has been 
awarded the Newport News Shipbuilding and Dry Dock Com- 
pany. Since the opening of bids, the Department has decided 
to increase her beam 2 feet, so that she will now be 220 feet on 
the water line, 38 feet beam, 11 feet draught, and will displace 
1,371 tons. 

Gunboats 8 and 9.—The Newport News Company was also 
awarded the contracts for these vessels, whose displacement will 
be 1,313 tons on a mean draught of 8 feet 7} inches. 


ARGENTINE REPUBLIC, 


Patria —Twin-screw torpedo cruiser building by Laird Bros., 
Birkenhead, was launched December 28. She differs from the 
general type of torpedo cruiser hitherto built by this firm in that 
she has a flush spar deck instead of a poop and forecastle. She 
is 250 feet long, 30 feet beam, and 16 feet deep, and displaces 
about 1,180 tons; the speed contracted for is 18 knots. 

The machinery, which is complete in Messrs. Laird’s shops 
ready for putting on board, consists of two sets of triple-expan- 
sion engines of 4,250 horse power, each driving a three-bladed 
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propeller with steel boss and manganese bronze blades; distillers 
and evaporators of large capacity, and complete electric installa- 
tions in duplicate are provided. The boilers are of steel, four in 
number, of the wet-bottom locomotive type, working at a pres- 
sure of 155 lbs. per square inch, to be worked under the closed- 
stokehole system. The armament will comprise quick firing 
guns, machine guns, and five torpedo tubes. 


BRAZIL. 


Aurora.—This small twin-screw torpedo gunboat, built by 
Armstrong, Mitchell & Co., was purchased by the Brazilian 
Government about the same time that the £/ Czd (Nictheroy) and 
Britannia (America) were purchased in this country. She is 197 
feet long on the water line, 20 feet 2 inches beam, 12 feet 4 inches 
deep, 8 feet draught, and of 450 tons displacement. She has 
twin screw triple-expansion engines, built by Scott & Mountain, 
Newcastle, with cylinders 18, 264 and 38} inches diameter by 
17 inches stroke, designed for 2,300 I.H.P., with which she was 
expected to make 18} knots. Her armament consists of two 30- 
pounders and four 3-pounders, rapid fire, and three torpedo 
tubes. 

Five 120-ton torpedo boats, purchased about the same time 
in Germany, recently reached Pernambuco, having made the en- 
tire voyage from Elbing, where they were built by Schichau, 
under their own steam and without a convoy. Their average 
speed from St. Vincent to Pernambuco was 12 knots. The crew 
(German) of each consisted of one officer and fifteen men. The 
boats are rated at 26 knots. 


ENGLAND. 


Battleship Steam Trials —“ Engineering” has the following ex- 
cellent editorial on the trials of these ships : The ten battle ships 
constructed under the Naval Defence Act have now completed 
their steam trials. They were ordered towards the latter end of 
1889—six from the dockyards and four from private establish- 
ments. 

Our purpose is to analyze the results obtained on the steam 
trials of the several vessels with a view to accentuating some of 
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the irreconcilable points in the comparison, as indicating some 
necessity for either greater care in acquiring data or a change in: 
the method of establishing the steam power or speed of our ships. 
of war. In the first place, it may be interesting to indicate the 
main features of the design of these vessels and their machinery. 
Eight of the vessels are alike, and belong to what is known 
variously as the Royal Sovereign or Ramillies class. The only 
essential difference is that one of them, the Hood, is fitted with 
turrets, whereas the others have their large guns fitted ex darbette.. 
This has been done as a concession to the view still held by a 
few in favor of the extra protection afforded by the turret,. 
although in official circles the barbette is more favored. Practi- 
cal experience in war can alone determine this as well as many 
other questions. The dimensions of these vessels are: Length, 
380 ft.; breadth, 75 ft.; and at their loaded draught of 27 ft. 6 
in., their displacement is 14,150 tons. 

In addition to the compound armor of 18 ins., extending for 
about 250 ft. of the length of the vessel, with thwartship ar- 
mored bulkheads forward and aft, there is an auxiliary armor 
plating 4 in. thick from this belt right up to the top of the hull, 
affording protection to the deck from which the large installa- 
tion of 6-in. quick-firing guns are fired. The vessels have a 
freeboard which is exceptionally high for a modern battleship. 
In the matter of big guns, too, the idea of concentration in a 
few weapons has not been followed, and there are two 67-ton 
guns forward and two aft; while in the matter of auxiliary ar- 
mament the vessels are much more effectively armed than any 
previously constructed British battleship, more particularly in 
view of the part to be played in future warfare by the torpedo- 
boat, for there are on board ten 6-in. quick-firers, sixteen 
6-pounders, and twenty-two machine guns, beside means for 
launching seven torpedoes simultaneously. 

But it is with the machinery that we have for the moment 
most concern, and it would be idle to pretend that thoroughly 
satisfactory results have in all cases been attained. The success. 
is a relative quantity. The ships and engines were designed so. 
that the power developed would be 13,000 indicated horse power, 
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and the speed 173 knots. Now, in no case has this power been 
attained for even the short stipulated period of four hours, and 
although the speed in most cases was 17} knots or over, with less 
power developed, the displacement in such cases was consider- 
ably less than it would be when the vessels are fully equipped. 
The story is the familiar one of leaky tubes, the evils and remedy 
for which have been so exhaustively discussed. After it was 
found that the boilers of the first vessel tried, the Royal Sovereign, 
could not withstand the air pressure necessary to develop the 
contract power, the Admiralty determined that none of the other 
vessels should be subjected to the 13,000 indicated horse-power 
test, but that 11,000 indicated horse power would be regarded as 
sufficient. The engines for the eight battle ships of the Roya/ 
Sovereign class are alike in general dimensions. In no case has 
any great variation been made in the design. Some slight alter- 
ations in detail have been introduced by the respective firms con- 
structing the machinery, but these are not material. Moreover, 
there were only four contracting firms. Messrs. Humphrys, 
Tennant & Co., London, fitted the engines to all the four dock- 
yard-built ships—Royal Sovereign, Empress of India, Hood and 
Repulse ; Messrs. Palmer, Jarrow-on-Tyne, to the Revenge and 
Resolution ; Messrs. Thomson, Clydebank, to the Ramiillies, and 
Messrs. Laird Brothers, to the Roya’ Oak. The cylinders are 
40 ins., 59 ins. and 88 ins. in diameter respectively, the stroke being 
4 ft. 3 ins. Asarule, the cylinders are separate castings, and are 
braced together by steel rods. The framework differs from that 
ordinarily adopted, the cylinders being carried on turned pillars, 
with the usual A-frame at the back, the crosshead slipper guides be- 
ing formed in the latter. The condensers, with 14,000 square feet 
of cooling surface, are entirely separated from the engine frames. 
There are eight single-ended boilers, with a total surface in tubes 
of 17,016 square feet, and in furnaces of 3,018 square feet, giving 
a total of 20,034 square feet, while the grate area is 718.6 square 
feet. The area through tubes is 97.6 square feet, and the diam- 
eter of tubes 2} ins. The furnaces are divided into pairs, with a 
combustion chamber for each pair. In the forced-draft trial 
of the Royal Sovereign it was found that during the fourth hour 
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of the run the tube ends commenced to leak; the air pressure 
throughout the three hours had been 1.6 ins., and the mean power 
worked out at 13,312 indicated horse power. Thus it was that 
the vessels subsequently tried were only subjected to an 11,000 
indicated horse power test. 

The natural-draft trials are all on the same basis; perhaps in 
some cases the fans were worked at a higher speed, affording a 
greater air pressure, which may account for the differences in 
power; but on comparison a great variation in the relation be- 
tween power and speed is noticeable. We have, in tabulating 
the results, given the exact displacement on trial, without which 
no comparison could be accurate. The Royal Sovereign, for in- 
stance, was loaded to her full designed draught, and displaced 
14,262 tons, and with 9,661 indicated horse power, had a speed 
of 16.375 knots. The Empress of /ndia, on the other hand, had 
1,000 tons less displacement, with only a slight reduction in 
power, and yet her speed was only 15.25 knots, more than a knot 
less. The Repulse, on the other hand, had 2,000 tons less dis- 
placement, with practically the same power, and her speed was 
17.78 knots. It is pretty evident, therefore, that all three can- 
not be correct, especially as none of the vessels experienced 
abnormal weather. The Hood, too, shows a variation, but seems 
to bear out the results of the Roya/ Sovereign. The Ramillies, 
Resolution, and Royal Oak seem to agree fairly well, but the Re- 
venge, with a similar displacement, but slightly less power, seems 
to have got more than half a knot more speed. 

The forced-draft results show still more remarkable results. 
We have not thought it desirable to give the air pressure of the 
forced draft, as in no instance was any effort made at uni- 
formity. In some cases, indeed, the variation was from consid- 
erably over I inch to finch. There is, of course, great variation 
in the mean air pressure and the power, but we do not think that 
this need at the present enter into the comparison. Careful stok- 
ing and supervision certainly insure a high evaporative efficiency, 
and consequently a satisfactory power for the air pressure re- 
corded. Moreover, careful workmanship always affects the 
result more or less. The Ramillies only required a mean air 
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pressure of 4 inch to get her power, and in a subsequent run, 
when on her way to the Mediterranean, where she is now flag- 
ship, a steam trial was undertaken with results which corroborate 
this record. The Revenge worked with a mean pressure of .46 
inch, while the Resolution, by the same firm, required nearly 
double that pressure, and did not materially add to the power. 
The Empress of India and Royal Oak required about 1 inch, but 
it is said in the case of the latter that the stoking was bad. The 
mean air pressure in the case of the Repu/se was .gt inch. The 
Royal Sovereign took 1.6 inches air pressure to develop her 13,363 
indicated horse power, and at her load draught made 18 knots, 
which seems to demonstrate that so far as the model of the ship 
was concerned the deductions of the designer were accurate, and 
allowed a margin for emergency. The same speed was got by 
the Empress of India, but the displacement was 1,000 tons less, 
and the power 1,700 less. It would, therefore, appear as if the 
power for a given speed increased at 1? times the displacement. 
But again this hypothesis is upset, for if comparison is made 
with the Repulse, which also got the same speed—indeed, a trifle 
more—the power only increased pari passu with the displace 
ment. In the case of the Hood, however, we find that, although 
the displacement is but 650 tons short of that of the Royal Sover- 
eign, the power, being 2,000 less, only gave 16.9 instead of 18 
knots. The Ramillies, Resolution, Revenge and Royal Oak again 
agree closely in all except the speed. The Revenge, too, it 
should be recalled, experienced very bad weather, which doubt- 
less explains the small difference in speed on the natural and 
forced-draft conditions. 

The Barfleur and Centurion, included in the table, are not of 
the same class. Their length is 20 ft. shorter, they have 5 ft. 
less beam, and 2 ft. less draught of water, so that the displace- 
ment is 3,600 tons less. This was determined upon to enable the 
vessels to pass through the Suez Canal, which of itself is a great 
advantage. The armor, as well as armament, is lighter, the main 
belt being 12 ins. instead of 18 ins. thick, but they have the same 
auxiliary 4-in. armor on the upper part of the hull, above the 
main armor, exposed to the attack of an enemy’s quick-firing 
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guns. They have also four guns mounted in pairs en barbette 
forward and aft, but these are 29-ton guns instead of being’ 67- 
ton, while they have ten 4.7-in. quick-firing guns instead of ten 
6 in. guns, and eight 6-pounder guns instead of sixteen in the 
Royal Sovereign class. The machine guns, however, are about 
‘tthe same in number, and they have the same amount of torpedo 
armament. The engines were constructed by the Greenock 
Foundry Company (Messrs. Scott), and in general design are 
similar to those of the Roya/ Sovereign class; but here the en- 
gines were driven under forced draft, the boilers withstanding an 
air pressure of 1} ins. without discovering any weakness. The 
Barfleur on natural-draft run experienced rather worse weather 
than her consort, which explains the discrepancy; but it is diffi- 
cult to explain the remarkable difference between the forced- 
‘draft speeds of the two, particularly as the power was the same. 
The speed of the Barflcur is a knot less, notwithstanding, too, 
that the displacement was nearly 1,000 tons less. 

It seems difficult, under the circumstances, to arrive at any con- 
clusion, especially in respect of the Royal Sovereign class. The 
discrepancies seem irreconcilable. Either the power developed 
‘does not represent a fair mean on the eight and four hours’ run, 
or the speed is inaccurate. It has been said that the horse power 
can only be assumed as within 5 per cent. of accuracy, and if that 
be so it were well that a change were made in the conditions of 
trial. Diagrams are taken every half hour, and the mean of the 
lot taken as a fair indication of the result. This may seem satis- 
factory, but we fancy it will be admitted that it is quite possible 
to work the engines to get an abnormal result at the moment the 
diagrams are taken, especially when there is half an hour in 
which to work. The taking of diagrams more frequently, and 
the careful noting of all circumstances, would give results of 
much more value to the contractors as well as the Admiralty. 
We do not know that there would be much gain to the country 
except in valuable data being got, but clearly greater confidence 
could be placed in the results. The speeds recorded by logs are 
certainly not thoroughly accurate. That is universally admitted ; 
so that there is no public record of the performances so far as 
speed is concerned. No doubt the Admiralty authorities have 
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the exact data of the performances on the measured mile of the 
Royal Sovereign, but the question may come in as to whether or 
not this was affected by drag consequent on a limited depth of 
water—a possibility which has been clearly established in the 
case of other high-speed steamers. Certainly, if this were elim- 
inated and the exact revolutions necessary for the measured mile 
ascertained, it would be easy, and probably much more accurate, 
to determine the speed of a vessel by using her own screws as the 
log. 

Royal Oak.—This battleship, referred to in the preceding list, 
was built by Laird Brothers, and the following details of her con- 
struction and armament will answer for the other vessels of the 
same class : 


Speed, natural draft............ 


Protective deck, length forward, 76 


Protective deck, thickness, inches aliens 


Conning tower, forward, thickness, inches...... 14 
Conning tower, aft, thickness, inches............ 
Weights : 
Total armor and Backing, including protective deck, tons... .........++ 45550 
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The protective deck is entirely below water, and extends only 
from the stem and stern posts to the armor belt. The ends of 
the belt at each side are joined by transverse armored bulkheads, 
and above the belt there is a 3-inch deck running the full length 
of the armor. Above this there is another belt four inches 
thick on the sides, and three inches athwartships, behind which 
there are side coal bunkers. 

The upper deck extends from stem to stern without a break, 
and above it is a continuous bridge deck extending the whole 
length between the barbettes, and on this deck are the conning 
towers surmounted by the navigating bridge and chart house. 
The boats, of which there are 21, include two 56-foot torpedo 
boats. Derricks for lifting the boats in and out are fitted to each 
mast. 

There are two military masts with armored tops, and two 
smoke pipes with their axes in the same athwartships plane. 

The armament consists of four 13.5 inch 67-ton guns, 23 feet 
above the water line, mounted in pairs in barbettes forward and 
aft, firing a 1,250-pound projectile, with a powder charge of 630 
pounds ; ten 6-inch rapid-fire guns, four of which are on the 
main deck and six on the upper deck, all protected by 6-inch 
shields ; sixteen 6-pounders, nine 3-pounders, eight machine guns 
and two g-pounder field pieces. The 13.5-inch guns are worked 
by hydraulic machinery and the 6 inch by hand. The torpedo 
armament consists of seven tubes, five above water and two sub- 
merged. The number of torpedoes carried is eighteen. 

The machinery differs little in the several ships, so that the fol- 
lowing description of the Royal Oak, principally from “ The 
Engineer,” London, will give a fair idea of that of all the class 
except in the matter of engine framing : 

The propelling machinery consists of two sets of triple-expan- 
sion engines, each in a separate water-tight compartment, with 
the magazines between them. The cylinders are 40, 59 and 88 
inches in diameter, with a stroke of 51 inches. They are entirely 
independent castings, and are bolted together by brackets. The 
receivers consist of copper pipes attached to gun-metal branches, 
and expansion-joint stuffing boxes. The whole of the cylinders. 
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are steam jacketed, the working barrels of the high pressure 
being of forged steel, and those of the low and intermediate- 
pressure cylinders of cast iron; the slide valves for the high and 
intermediate pressure being of the piston type, whereas the low- 
pressure cylinders have flat double-ported valves. A special 
type of relief ring is fitted at the back of these flat valves. Bal- 
ance cylinders are fitted to the high-pressure and intermediate 
valves, and assistant cylinders to the low, to reduce the strain on 
the valve gear as far as possible. The valve gear is of the double- 
eccentric link-motion type, and is moved by means of a double- 
cylinder starting engine. The columns are of wrought steel. 
The main condensers, which are of brass, have a collective cool- 
ing surface of 14,500 sq. ft. The water is supplied by four 18- 
inch Allen’s centrifugal pumps, each driven by an independent 
engine. Suctions are also led to the bilges from these pumps, 
which give a total bilge-pump power of 4,400 per hour. The 
crank shaft for each set of engines is in three separate pieces, the 
cranks being set-at 120° to one another. The crank, thrust and 
propeller shafts are all hollow, an 8-inch hole being bored 
through their entire length, and they are each forged from a solid 
steel ingot. 

The thrust blocks and collars are of cast steel. The latter are 
lined with white metal, and are of the ordinary type. The screw 
propellers are four bladed, the blades and bosses being of gun 
metal. Steam is supplied by eight single-ended cylindrical re- 
turn-tube boilers, working at 155 lbs. pressure per square inch, 
and being 15 ft. 4 ins. in diameter and 9g ft. 4 ins. long, each boiler 
having four corrugated furnaces 3 ft. 4 ins.in diameter. The total 
grate surface is 710 sq. ft. and the total heating surface 20,174 
sq. ft. For the purpose of shutting off each combustion cham- 
ber from the others, and also for regulating the draft in same, 
separate dampers are fitted in the passage from each through the 
smoke boxes, and gear arranged to work the same conveniently 
from the stokehold floor. Following out the principle of subdi- 
vision, each pair of boilers is in a separate water-tight compart- 
ment, with independent coal supply, separate access to and from 
main deck, etc. The exhaust steam from the whole of the aux- 
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iliary machinery in the ship is led into an auxiliary exhaust 
pipe, which is connected both with the atmosphere by means of 
the auxiliary waste steam pipes carried up outside the funnels, 
and with the two auxiliary condensers, one in either engine 
room. Each of the latter condensers has its own air and circu- 
lating pump entirely independent of those for the main con- 
densers, and worked by independent engines... The combined 
cooling surface of these two auxiliary condensers is 1,800 sq. ft. 

In the main engine rooms there are also two double-cylinder 
turning engines, two evaporators with independent feed pumps, 
two distillers with circulating and distributing pumps, four No. 
2 Admiralty-type main feed pumps, of ample size to supply the 
whole of the boilers in full power, and four double-cylinder 
double-acting bilge and fire pumps of No. 1 Admiralty type; a 
pump for pumping out the drain tank, and two ventilating fans 
6 ft. in diameter, each driven by a separate steam engine. In the 
boiler compartment there are eight fans 5 ft. 6 ins. in diameter, 
each with its separate engine, for supplying the forced draft for 
the boilers, and also four double-cylinder double-acting auxiliary 
feed pumps of No. 2 Admiralty type. 

On the platform, dééris, and lower decks is placed the auxiliary 
machinery for the working of the ship, including steering en- 
gines, electric engines, and hydraulic pumping engines, as well 
as a fully equipped workshop and numerous store-rooms. 

The natural-draft trial was made with .27-inch air pressure, 
the engines making 96.3 revolutions and developing 9,221 LHP. 
The speed was 16.5 knots by patent log, but she was not down 
to her load draught. 

The details of the forced-draft trial, the ship being 2 feet 73 
inches light, are: 


Starboard. Port. 
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Revenge.—Built by the Palmer Ship Building Co. The en- 
gine framing is different from that of the Royal Oak. The front 
columns are forged steel, cylindrical, and the back ones cast 
steel, inverted frames, of box section. Each cylinder is sup- 
ported at the front by two turned columns of forged steel, an 
additional column being placed under the low-pressure valve 
chest. A diagonal stay runs from the bottom of each front col- 
umn up to the under side of the cylinders at the back, and the 
engines are further stiffened by an athwartship stay carried 
from each cylinder to the magazine bulkhead (between the en- 
gine rooms), at the level of the ammunition passage floor. 

The following are the mean results of her trials under natural 
and forced draft: 


Natural Forced 

Draft. Draft. 
9,177 11,524 


The forced-draft trial was made in a rough sea, and on both 
the ship was drawing only 25 feet, corresponding to a displace- 
ment of 13,000 tons. 

Resolution.—A sister ship to the Revenge, and built by the same 
firm, started from Plymouth, England, on the 18th of December, 
for Gibraltar, in company with the torpedo gunboat G/eaner. 
After getting into the Bay of Biscay, where she encountered a 
gale, she rolled so heavily and shipped so much water as to render 
it necessary to heave to. So much injury was done to the deck 
fittings and gear that her captain decided to run for Queenstown, 
where she arrived on the 23d. The account of her behavior was 
soon made public, and the following letter, written by one of her 
officers and published in the “ Times” of the 28th, created the 
greatest alarm amongst those not familiar with the stability of 
these battleships : 

Resolution, at Sea, December 22d, 1893. 

My Dear —: In all my experience as a naval man I have 
never gone through such a terrifying time as I have during the 
last few days. 
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We left Plymouth last Monday for Gibraltar. In all this class 
of ship the stability question has, of course, played a great part. 
All the other vessels of this class were tested for stability before 
they left England, but in our case the stability is a matter of 
theory, based upon calculations made at the constructor’s de- 
partment, the result being that our maximum angle of stability 
is 38 deg., with a rapidly declining chance of righting until a 
vanishing point of 65 deg. is reached, when all is over. 

Fancy the pleasant sensation of finding her rolling in moderate 
weather 42 deg. each way directly she got into the Bay. This 
did not occur only once. Our confidence in the ship having re- 
ceived such a rude shock, we on Wednesday last experienced a 
gale, the equal of which I have never seen. Between the squalls 
the sea rolled mountains high. Our fore bridge is 37 feet from 
the water and some distance from the bows. From that the ap- 
proaching wall of water blocked out any view of the horizon. 
Forty feet is a low estimate of the height of these rollers. Dur- 
ing the squalls the whole surface of the sea was torn up and 
simply driven along in a sheet of spray, mixed with hailstones. 
The sight and noise were horrifying. 

All this time we steamed slowly, keeping her head to the sea, 
but knowing full well that any deviation of the helm, any break- 
down of the engines or steam-steering gear, and we would broach 
to and capsize. 

During the night of the gale the water came below in tons, 
and at one time the engine room had 5 feet of water in it. This 
ran a chance of putting the fires out. Everything was then 
closed up except one small hatchway amidships, well protected, 
and up and down this for 18 hours everyone of the 700 people 
in the ship had to go. The atmosphere below became filthy 
and poisonous. The next day, when the gale slightly mod- 
erated, and coal was running short, it became a question of what 
shall we do, but we dared not turn round for fear of her going 
over. At length, at 4 P. M. yesterday (Thursday), the sea had 
gone down sufficiently to allow of our altering course a couple 
of points and making for Queenstown, which we hope to reach 
this evening. 
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I have no fault to find with the gale or with the ship during 
the gale. She performed her part splendidly so far as it went. 
What is certainly a serious matter is this evident want of sta- 
bility. There is not a man of mature age in the ship but feels 
he is ina thoroughly unsafe ship. . . . We ought not to 
leave England without being tested, and there ought most as- 
suredly to be a redistribution of weights. 

Ever yours, —. 


Another officer in the “ Naval and Military Record” said: 
Several attempts were made to put her off the wind and shape 
a course, but to no purpose, owing to the heavy sea; and 
although the course she was heading had to be altered several 
times in order to avoid passing vessels, she rolled tremendously 
on each occasion. She frequently rolled to the extent of 32 
degrees both sides, and occasionally 40 degrees both sides was 
recorded, when her upper deck rails were under water. For 
thirty-six hours all hatches were battened down, except the tor- 
pedo hatch in the waist of the ship, and although this was the 
only means of communicating from below with the upper deck, 
it was found necessary to keep this hatchway covered with a 
hood. A large portion of the upper deck fittings and the gear 
stowed on the upper deck were torn from their fastenings and 
washed overboard, including an iron bin bolted to the fore bar- 
bette. This bin contained chains and other heavy gear weigh- 
ing over two tons. Iron stanchions and rails were bent and 
broken by the seas, whilst the port cutter, which was topped 
and stowed amidships, had her bottom stove in. The lifebuoys 
and all the stern walk fittings were washed away. It was owing 
to the loss of a ventilator and the cover of a navel pipe that a 
large quantity of the water washed inboard, but as soon as an op- 
portunity offered the ventilator hole and navel pipe were blocked 
up by shot stoppers. At one time the water in the ship was 
above the level of the stoke-hold plates, although four pumps 
had been kept continually at work. A rise of two feet more 
would have extinguished the furnace fires, and for this reason 
the vessel put back to Queenstown. 
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In answer to questions in Parliament respecting the statement 
made about her behavior during the gale, Sir U. Kay-Shuttle- 
worth, Secretary of the Admiralty, said: 

The Resolution had 787 tons of coal on board when leaving 
England and, steaming at 10 knots an hour, in fair weather she 
would have consumed 250 tons between the point where she 
turned back and her arrival at Gibraltar, leaving 280 tons on 
board on her arrival at Gibraltar. No injury was sustained by 
the ship so far as her structure was concerned, and there was no 
damage to fittings, so as to render her return to England neces- 
sary. All such defects could have been made good at Gibraltar, 
but the captain of the Reso/ulion, in determining to put back, 
appeared to have been mainly influenced by anxiety about his 
coal supply in the event of the gale lasting many days, and in 
the exercise of his discretion he determined to proceed to 
Queenstown. At the time he altered the course for that pur- 
pose the vessel was distant 250 miles from Queenstown and 840 
miles from Gibraltar. The Government did not propose to lay 
the report of Captain Hall on the behavior of the Resolution on 
the table. It had been ascertained that no accurate observations 
were made as to the extent of the rolling; the rail being under 
water would be a roll of 35 degrees in still water, but ina gale 
such as this a roll of less degrees would put the rail under 
water. 

It was further stated that she had not been inclined since 
building, but that two other ships of the same class had been; 
that the maximum righting moment was at 37 degrees, and that 
the range of stability was up to 60 degrees. 

It also transpired that the ships of this class were not fitted 
with bilge keels, owing to the fact that the present docks would 
not take one of them if she were so fitted. 

The letter quoted on page 188 was forwarded to the “Times” 
by Admiral De Horsey, who spoke of the writer as an officer 
“scientific in a practical way.” ‘“ Engineering,” in a carefully pre- 
pared review of the letter and the general question of the stability 
of the ship, has this to say: 

“It is not, of course, necessary to point out to those accustomed 
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to the design of ships that the qualities which tend to stability 
are, to a great extent, directly opposed to those which produce 
steadiness in a seaway, or freedom from rolling. To take an 
extreme example, a racing yacht—where everything is sacrificed 
to gain stability in order to carry a large sail plan—is an ex- 
tremely uneasy vessel unless steadied by her canvas, and there 
was occasionally more fear of some of the old “lead mines” of 
five or six years back jerking their masts out than of carrying 
them away during acontest. In war vessels, where a steady gun 
platform is so necessary to efficiency, stability is deliberately 
sacrificed to steadiness. The metacentric height of the Roya/ 
Sovereign class is about 3} ft.,and the range of stability about 60 
degrees. 

“The fact is, naval officers have never yet quite unlearnt the 
traditions of the old sailing days; a fact well illustrated by the 
remarks of the officer ‘scientific in a practical way, already 
quoted. He says, ‘Our maximum stability is 38 degrees, with 
a rapidly declining chance of righting until a vanishing point of 
65 degrees is reached.’ It may be true that the maximum right- 
ing moment is when the Reso/ution is inclined to about 38 deg., 
but chance of righting after inclination to that angle is not a 
rapidly declining one in a sailless ship. The rolling of a ship 
amongst waves is due to the impulses of the waves alone. Os- 
cillation may be checked by other forces, but it is set up by 
the motion of the waves. The study of this subject is one of 
extreme interest and great complexity, as nearly all studies must 
be which include the action of waves. A few facts, however, 
may be worth putting forward at the present time. 

“In the first place, it is not necessarily the biggest waves which 
produce the worst rolling effect. The scientific and practical 
officer before quoted expresses his dissatisfaction at finding the 
Resolution rolling 42 deg. each way in moderate weather directly 
she got into the Bay of Biscay, and we must say the fact was not 
reassuring, supposing the ship oscillated to that extent, a matter 
upon which we have considerable doubt, for reasons which we 
will explain later. Now, one of the most unpleasant features 
about modern ships is their ‘natural periods. The natural 
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period of vibration is an element with which engineers have been 
made painfully familiar of late, since quick-running engines have 
come into vogue, for when the period of the vibration of the ship 
synchronises with the strokes of the engine, the result is an 
enormous increase in the undesirable phenomenon. In the same 
way, every ship has a natural period of oscillation, and when 
this synchronises with the period of the waves to which she is 
subject, the one reinforces the other until the maximum rolling 
effect is produced. The matter may be illustrated by the case of 
a child in a swing. A slight push at the turn of each oscillation 
of the pendulum constituted by the swing will cause a wide 
range of movement; so, also, if there be synchronism between 
the wave impulse and the period of the ship, each wave tends to 
add to the range of oscillation, and, were it not for the beneficient 
action of fluid resistance, the vessel would be overturned. It is, 
therefore, evidently the object of the naval architect to so design 
his ship that there shall be least chance of synchronism, and 
for this purpose a long natural period is given, as it has been 
found that short periods of oscillation in still water (¢. ¢., short 
‘natural periods ’) tend to establish a fixed range of oscillation 
when the vessel encounters large ocean waves; for it may be 
remarked, although the biggest waves do not necessarily produce 
the worst rolling, yet it is the largest waves that have to be 
chiefly considered. Many illustrations of these statements have 
been recorded. For instance, it is stated in Mr. White’s ‘ Naval 
Architecture’ that vessels of the Prince Consort class rolled very 
heavily in an almost imperceptible swell, having a period just 
double that of the ship; whilst the Achz//es, a very steady ship, 
rolled more heavily in an almost dead calm than she did in very 
heavy weather. Another instance quoted is that of the Moxarch, 
which, when cruising with the combined squadrons in 1871, was 
said to surpass in steadiness most of the other ships in heavy 
weather, yet on one occasion rolled more heavily in a long swell 
than did the notoriously bad rollers of the Prince Consort class. 

“The behavior of the Devastation, a ship with a double period 
of 13} seconds, also quoted by Mr. White, is instructive. That 
vessel, when lying passively broadside on to waves, having a 
13 
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period of about 11 seconds, rolled through the maximum angle 
of 6} deg. to windward and 7} deg. to leeward, making a totak 
arc of 14 deg. When steaming in the same sea at 7} knots, 
with wind and sea on her quarter, the total arc of roll was 27} 
deg. The explanation is simple, although the facts are not in 
accordance with the general opinions of naval commanders. 
When in the trough of the sea, the period of the waves was less 
than the double period of the ship; but when the vessel steamed 
obliquely from the waves, their apparent period—or their period 
relatively to the ship—became increased so that they just 
equalled the period of the double roll of the Devastation ; syn- 
chronism, and consequent accumulation of motion, thus being 
set up. The instances we have given and the facts set forth are 
all admirably treated in Mr. White’s book, to which naval officers 
might evidently more often turn with advantage. If we have 
succeeded in making ourselves clear, it should be plain to all 
scientifically practical naval officers what the difference is in re- 
gard to the chance of recovery, between a ship hove down by 
wind pressure on her sails, and one rolling to an equal angle 
simply by the impulse due to wave motion. In the former case 
the heeling force is continuous, in the latter it is transitory. 

“ The naval officer usually has recourse to the pendulum when 
he wishes to ascertain the angle of heel of his ship, and for this 
he is not to blame, for faulty as the instrument is, it is probably 
a trifle more reliable than his own sensations, and other more 
trustworthy instruments are not readily available. The sources 
of error in pendulum instruments, or clinometers, are well known. 
If the instrument by which the angle of roll of the Resolution was. 
taken were high up above water, probably 30 ft. or more above 
the center of gravity of the ship, we can easily credit it registered 
45 degrees of heel, even though the deck line of the ship may 
not have gone below water. When a ship rolls she turns about 
a longitudinal axis, and if the point of suspension of the pendu- 
lum does not coincide with that axis, being either above or be- 
low it, the weight will manifestly be subjected to angular acceler- 
ation. When the further disturbing influence of the ship rising 
‘and falling amongst waves is added, the defect is greatly in- 
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creased, and an error of over 100 per cent. has been more than 
once recorded of pendulum observations. Unless we hear that 
more accurate means were had recourse to for registering the 
angle of roll of the Resolution, we shall feel justified in taking a 
very large discount off the statements made as to the extent of 
rolling. 

“ Forty feet is said to be a low estimate for the height of the 
waves encountered. Probably very few persons, even naval offi- 
cers, recognize what a vast mass of water a 40-ft. wave is. An 
Atlantic wave of that height would probably be 800 ft. to 1,000 
ft. long. We believe there is no trustworthy record of waves. 
over 48 ft. in height, but there are many instances of waves hav- 
ing been met that have been estimated at 100 ft., probably far 
more. Of course 40 ft. may have been, as said, a low estimate 
of the waves encountered by the Resolution, but there is nothing 
more difficult than the judging of the height of waves. Few 
who have not been in the habit of verifying their sensations by 
scientific observation know what a very respectably rough sea a 
series of 15-ft. waves will constitute. The officer in question 
appears to have founded his estimate on the height (37 ft.) of 
the fore bridge, where he was standing. An observer stationed 
at such a height from the center of gravity of a ship rolling 45 
deg. might easily add 25 or 50 per cent. to the height of a wave 
without doing any violence to his conscience. The great diffi- 
culty in observations of this nature is to obtain a true vertical, 
and often when the investigator fancies he is looking in a hori- 
zontal direction, he is peering towards the depths of the ocean 
at a pretty considerable angle. 

“To sum up the view we take of this matter, we would say 
that, though the Resolution undoubtedly passed through excep- 
tionally bad weather, the statements as to her behavior are not 
proved by the facts brought forward; but even if she rolled 45 
degrees each way, she had still a fair margin of safety before she 
reached the point of vanishing stability at 60 degrees heel. We 
would, however, be far from saying that her captain was ill-ad- 
vised in using the discretion vested in him and returning home 
to rcfit. With his upper works damaged, and a ship newly com- 
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missioned with a strange crew, who appear, however, to have 
behaved admirably under what were certainly very trying cir- 
cumstances, the step may have been a wise one, though cer- 
tainly not to be defended on the score of shortness of fuel, one 
of the reasons advanced. The little torpedo gunboat Gleaner 
got through safely, and without doubt the Resolution would have 
done so also had she been put to it. Whether it would have 
been wise to put her to it is quite another matter; for our ships 
are so designed that they remain seaworthy long after they have 
ceased to be safely habitable. The statements as to rivets leak- 
ing, &c., have been contradicted on good authority, and the 
large quantity of water that got below was apparently due to 
deck openings not being properly secured at first.” 

Sir E. J. Reed also came forward, and in a letter to the “ Times ” 
stated that the Reso/ution and the other ships of her class have 
ample stability. As he has never failed to criticise a design 
which he considered faulty, his opinion did more to allay the 
apprehensions on the subject of want of stability than all the 
official assurances that were made. 

Her repairs were completed at Plymouth, whence she sailed 
on the 12th of January for Vigo, where she joined the Channel 
Squadron on the 15th. 

The “ Naval and Military Gazette” says that it has trans- 
pired, with reference to the vessel’s defective torpedo tubes, that 
whilst a party of men were engaged in working the submerged 
torpedo tubes the sluice-valve door of the port tube could not be 
closed owing to the locking bar having become broken. As the 
fittings are twenty feet below the water line, the water rushed 
into the tube, forced through the stop bolt, and emptied itself 
into the submerged tube compartment. The inrush of water was 
stopped by placing a collision mat over the outer aperture and 
securing it with screwed stoppers. It was then discovered that 
the locking bar of the starboard tube was also damaged, and this 
tube was treated in the same way as the opposite one. With this 
temporary repair the torpedo tubes are perfectly useless, and as 
it would be necessary to dock the vessel in order to effect a sat- 
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isfactory repair, it is difficult to understand why the work is not 
carried out before again sending the ship to sea. 
Barfleur.—Sister ship to the Centurion, described on page 
1044 of volume V of the JourNAL, was tried under natural draft 
on the oth, and under forced draft on the 14th of November, with 
the following mean result: 


Draft. Draft 
Mean draught of water, feet and inches. woe 23-6 23-9 


The ship was thus two feet light on the first, and 21 inches on 
the second trial. 

Sanspareil_—A sister ship to the unfortunate Victoria, is at 
Malta, having six bulkheads put in on her main deck, which 
leads to the conclusion that, in spite of Mr. White’s assurance 
of the sufficiency of the water-tight subdivision of the Victoria, 
the British Admiralty has recognized points of weakness in it. 

Powerful and Terrible.—These vessels are intended to be the 
largest and fastest cruisers afloat. They are 500 feet long, 71 
feet beam, 27 feet draught, of 14,200 tons displacement, and will 
be wood sheathed and coppered. The bunker capacity is 3,000 
tons, 1,509 of which are to be carried on the above draft of 27 
feet. They are known as “commerce protectors,” and therefore 
do not carry a very heavy battery for their size. They will have 
two 9.2-inch, one at bow and one at the stern; twelve 6-inch; 
eighteen 12-pounders, and twelve 3-pounders, besides a number 
of machine guns, and four submerged torpedo tubes. The pro- 
tective deck will be four inches thick over machinery and maga- 
zines, and reduced to two inches at the ends. 

The machinery will consist of four sets of triple-expansion 
engines, operating twin screws, designed for 25,000 horse power. 
The boilers will be of the Belleville type, forty-eight in number, 
arranged in eight compartments, and will have 2,840 square feet 
of grate and 67,790 square feet of heating surface. From the 
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usual output of the Belleville boiler, the number in this design 
should furnish steam for 30,000 instead of 25,000 horse power. 

The speed expected of these ships is upwards of 20 knots con- 
tinuously at sea, 22 knots on an eight-hour trial with natural 
draft, and 24 knots on the four-hour forced-draft trial. 

The machinery for the Powerful will be built by the Thomsons, 
of Clydebank, who built the Paris and the Mew York, and that for 
the Zerrible by the Naval Constructions and Armament Company. 

St. George.—First-class sheathed cruiser of 7,700 tons dis- 
placement, built and engined by Earle’s Shipbuilding Co. She is 
360 feet long, 60 feet 8 inches beam, and 24 feet 9 inches mean 
draught. She has twin-screw, triple-expansion engines, with 
cylinders 40, 59 and 88 inches diameter, and 51 inches stroke, 
designed for 12,000 I.H.P. at full power. The condensing sur- 
face in the main condensers is 13,500 square feet, besides which 
there is an auxiliary condenser. There are four double-ended 
boilers 16 feet diameter and 18 feet long, containing thirty-two 
furnaces, each 42 inches diameter, and one auxiliary three-fur- 
nace boiler 12 feet 6 inches diameter, and g feet 8 inches long, 
all designed for a working pressure of 155 pounds. The total 
grate is 855, and the heating surface 25,000 square feet. The 
shell plates of the large boilers are 1,4; inches thick. Her 
screws are 16 feet 1 inch in diameter. 

The armament is the same as that of the other vessels of this 
class, viz: two g2-inch, ten 6-inch, twelve 6-pounders, five 
3-pounders, seven Nordenfelts, and four torpedo tubes. 

Her natural-draft trial gave the following results : 


Mean draught (3 feet 6 inches light), feet and 21-3 


Theseus.—First-class cruiser, described on page 1049, of vol- 
ume V, recently completed her trials with the following results :— 


Mean draught (54 inches light), feet and inches. cesses cesses 23-34 
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Her first trial was unsuccessful on account of the boilers prim- 
‘ing. 

Astrea—tThe trials of this second-class cruiser, described on 
page 518, of volume V, were made on the 27th and 3oth of 
December, with the following results: 


Natural Forced 
Draft. Draft. 


Speedy.—This vessel differs from the other torpedo gunboats 
of the British Navy principally in the machinery, the guarantee 
in her case having been 4,500 instead of 3,500 horse power. The 
engines are vertical, twin-screw, triple-expansion, with cylinders 
22, 34 and 51 inches diameter, and a stroke of 21 inches. The 
boilers are of the familiar Thornycroft type, eight in number, de- 
signed for a working pressure of 200 pounds, and have a com- 
bined grate surface of 204 and heating surface of 14,720 square 
feet. The propellers are three-bladed, 8 feet 3 inches in diam- 
eter. The weight of machinery is about 210 tons, 73 of which 
are engine-room weights. 

Her trials were run during the latter part of October and the 
first of November, the forced-draft one having been twice unsuc- 
cessful, the first time on account of a hot crank pin, necessitating 
her return under one engine, and the second on account of a 
leaky condenser. The final trial was run during heavy weather, 
and in comparatively shallow water. The following are the re- 
sults of the several trials : 


Duration of trial, 8. 2. 2. % 


Speed by eg. 20.04 
2Mean draught, feet and inches...... 9-7 
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The details of the final official trial are: 


Starboard. Port. 


The speed with one engine, after the second trial, was 11 knots. 

Antelope—The trials of this torpedo gunboat have been re- 
cently completed. Two of her trials were interrupted by casu- 
alties, the first by the splitting of a feed pipe, and the next by 
priming of the boilers. On her successful natural-draft trial, 
with one-half inch air pressure, she developed upwards of 2,500 
horse power on about 220 revolutions, and made over 17 knots 
in a heavy sea. The results of the three-hour forced-draft trial 
were 


Speed by log, kmots...... 19. 


Jason, Jaseur, Circe, Alarm, Leda, Hebe, Onyx, Renard and An- 
telope.—These are the other torpedo gunboats, which differ from 
the Speedy mainly in the boilers, and in the details of the engines 
due to the practice of different builders, those of the three first 
having been built at Barrow; of the next three, by Penn; of the 
Hebe, at Sherness dockyard; those of the Onyx and Renard by 
Laird, and the Antelope’s by Yarrow. 

The vessels are 230 feet long, 27 feet beam, and were designed’ 
for 810 tons displacement on a draught of 8 feet 9g inches. 
They have a raised forecastle extending about one-third their 
length and a flush deck abaft it. They have two pole masts and 
two smoke pipes. 

The armament consists of two 4.7-inch and four 3-pounder 
rapid-fire guns, and three 18-inch torpedoes, one fixed in the 
bow and two swivelling in broadside. 
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The engines are the same size in all, 22, 34 and 51 by 21 
inches stroke, and weigh about 55 tons. The boilers, four in 
number, designed for a working pressure of 155 pounds, are of 
the wet-bottom locomotive type, each boiler having two furnaces, 
with a water wall between, as shown in outline sketch of the 
Jason's boiler, opposite page 616 of volume V of the JourNAL. 
The grate and heating surfaces differ slightly in the different ves- 
sels, running from 163 and 6,163 in the Hede to 182 and 6,388 in 
the Jason. The boilers weigh about 96 tons, and the water in 
them 30, while the total fire-room weights are 155 tons. The 
propellers are 8 feet 3 inches diameter and 9 feet 4 inches pitch. 

The trial results of this class were : 

Revolutions. I.H.P Speed. 


The mean draught of the ede was g feet 9 inches, and of the 
Speedy 9 feet 7 inches. Others not given. The Hebe was sub- 
sequently tried with greater air pressure, that used in the trial 
above recorded having been 2 inches. 

The results were: 


Mean draught, feet and inches...... ...ccccce 


Of this trial, “ Engineering” says: 
Perhaps the most instructive part of this latter trial is the 
great additional air pressure for draft required to give another 
400 indicated horse power. On the official trial the air pressure 
was but 2 ins., but on the later trial no less than a mean of 3.7 
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ins. was required. The reason is instructive. The tubes of the 
Hebe's boilers were fitted with the Admiralty ferrule. This is a 
device in which the joint of the tube end with the tube plate is 
protected by a trumpet mouth, which projects out of the tube 
and turns back on the plate. As there is an air space between 
the tube plate and the turned-over end of the ferrule, the latter 
naturally must get red hot, at any rate, when the boiler is forced 
‘to any extent. However this may be, there is no doubt that 
ferrules of this type conduce to that very unpleasant boiler dis- 
ease known as “bird's-nesting.” A “bird’s nest,” it may be 
stated for the benefit of those who have not had experience in 
this direction, consists of a built-up obstruction of small parti- 
cles of coke or coal. The first thing that happens is that a ring 
of these particles forms round the crown of the trumpet-mouthed 
ferrule. This annulus gradually grows inwards across until, in 
extreme cases, the ferrule mouth becomes entirely closed by a 
disc of coke-like substance. The mass does not grow up inside 
the tube, but simply extends across it, forming not a lining, but a 
lid. In the case of the Heée, after her extra forced-draft trial, in 
one boiler 10 per cent. of her tubes were, we believe, practically 
entirely closed. The bird’s nest is of so firm a texture that it 
may be removed bodily, and the various stages of formation are 
extremely interesting. Judging from examples of bird’s nests 
taken from the Hebe, we doubt very much if she could have con- 
tinued running at the power she did for much longer. That, 
however, is a matter of opinion, but the boilers were working 
with 6-in. air pressure at the finish. Of course bird’s-nesting is 
no new thing, it having been a matter with which torpedo-boat 
builders have long been acquainted. The formation of the 
foundation ring of the nest in bell mouthed ferruled boilers, is 
generally attributed to the fact that the ferrule gets red-hot, and 
it is a curious speculation how near the tube plates and tube 
ends of torpedo-boats’ boilers—on which bird’s nests have 
formed—may have arrived to that state. Doubtless a tube plate 
cannot get red hot when one side of it is in contact with water, 
but the question is, actually, how near is the water ? 
Sharpshooter—This torpedo gunboat, whose trials a few years 
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ago were such a failure as to cause the Admiralty to reduce the 
requirements of the other vessels of her class from 4,500 to 3,500 
horse power, has had her locomotive boilers removed and Belle- 
ville boilers substituted. The new boilers have 269 square feet 
of grate and 7,696 of heating surface. 

The Spanker, another vessel of this class, has had her loco- 
motive boilers removed, and will be fitted with Du Temple 
boilers. 

Alert and Torch.—Two new sheathed gunboats, from the de- 
signs of Chief Constructor White, are to be built at Sheerness. 
Their principal dimensions are— 


The upper and lower bunkers of the ships will be separated 
by a light steel water-tight deck of -inch plating. The shell is 
to be of 10 pound plating, covered with teak 33 inches in thickness 
to a height just above the water line. The stem and stern posts 
are to be of phosphor bronze. 

The engines will be triple-expansion of 1,400 I.H.P. under forced 
and 1,050 under natural draft, giving a speed of 13} and 12} 
knots, respectively. 

The armament will consist of six 25-pounders and four 3- 
pounders—all rapid-fire guns. 

Havock—Further details of this remarkable little craft des- 
cribed on page 1,056 of volume V, show that she is 180 feet long, 
184 feet beam, 6 feet draught, with a displacement of 215 tons, 
and that she has no less than twenty water-tight compartments. 
In appearance, she is not unlike a torpedo boat, except that her 
forecastle (turtle back) is much higher, rising above the main deck, 
and affording the principal berthing space for the crew. She has 
one signalling mast, and two smoke pipes. Her armament com- 
prises one 12-pounder on the forecastle, three 6-pounders, and 
three 18-inch torpedo tubes, one fixed in the bow, and two 
swivelling in broadside. She has twin-screw, triple-expansion 
engines, 18, 26 and 394 by 18 inches stroke, each engine having 
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its own condenser and circulating pump. Steam at 180 pounds 
pressure is furnished by two locomotive boilers with copper fire- 
boxes, having 100 square feet of grate, and about 5,000 of heat- 
ing surface. Piston valves are fitted to all the cylinders. The 
machinery occupies 76 feet in the length of the boat, and the 
officers’ and artificers’ quarters 30 feet. Her complement is 
three officers and forty-two men. 

On her official trial, she made 26.783 knots as a mean of four 
runs over the measured mile, the engines making 362 revolu- 
tions and developing 3,400 I.H.P., with a steam pressure of 165 
pounds, and an air pressure of 2} inches in the fire room; and 
264 knots for three hours. 

Her bunker capacity is 60 tons, and on the official trial the 
weight carried was 35 tons. 

Daring.—This twin-screw torpedo-boat destroyer, whose boil- 
ers are described on pages 156 to 161, was launched by Messrs. J. 
I. Thornycroft & Co. on the 24th of November last. Her prin- 
cipal dimensions are : 


Her engines are of 3,500 horse power, with which she is ex- 
pected to make 27 knots. They are of the triple-expansion 
type, with four cylinders, the high-pressure being 19, the inter- 
mediate 27, and the two low-pressure 27 inches in diameter, the 
stroke of the pistons being 16 inches. 

The boilers are three in number, of the new Thornycroft type, 
and have been designed for a working pressure of 210 pounds. 
The grate surface is 189, and the heating surface 8,892 square 
feet. Her armament consists of one 12-pounder rapid-fire, for- 
ward, and three 6-pounders, two forward and one aft. 


FRANCE. 


Duchayla, Cassard and D' Assas.—These are three new cruisers 
under construction, designed for a speed of 19 knots. Their prin- 
cipal dimensions are : 


4 
i 
1 
1 
4 
| 


SHIPS. 205 


They have a protective deck 1.2 inches in thickness at the 
center and 3.15 on the slope. 
There are two vertical triple-expansion engines, designed for 
6,000 I.H.P. with natural, and 9,000 under forced draft. Steam 
is supplied by twenty d’Allest boilers placed in three compart- 
ments. 
The armament consists of six 16-cm., four 10-cm., twelve 47- 
mm. rapid-fire guns, six 37-mm. revolving cannons, and six tor- 
pedo tubes. 
Catinat—A sheathed cruiser, to be built by the Forges et 
Chantiers de la Mediterranée, to make 19 knots. 


Her protection embodies a new feature in warship construc- 
tion, the protective deck, one inch thick on the flat and from one 
to one and a half on the slope, having some distance below it a 
second deck from + to 7’, inch thick, the combination being 
deemed necessary on account of the destruction that might be 
wrought by melinite shells, experiment having shown that the 
plan here fitted will prove effective in preventing destruction of 
the parts below the lower deck. The conning tower is four 
inches thick. 

She will have vertical, triple-expansion engines, designed for 
7,000 I.H.P. with natural, and 9,000 with assisted draft. The 
boilers are of the Belleville type. 

The armament consists of four 16-cm., ten 10-cm., fourteen 47- 
mm. and four 37-mm. guns, and six 14-inch torpedo tubes. 

She will have two military masts each with two fighting tops. 

Surprise.—A single-screw, sheathed gunboat, designed by M. 
Normand. She will be bark rigged, and spread about 12,000 
square feet of canvas. 
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Length between perpendiculars, feet...... soe cones wee 183.67 


The engine is vertical, triple-expansion, with four cylinders, 
and is designed for 650 I.H.P. with natural and 850 with forced 
draft, the speed expected under the latter condition being 13 
knots. 

Her armament will be two 10-cm., four 65-mm. and four 47- 
mm. rapid-fire guns. 

Casabianca.—A torpedo chaser, designed for 21.5 knots, is of 
the following dimensions : 


She will have twin-screw, triple-expansion engines of 5,000 
1.H.P., and eight boilers of the d’Allest type arranged in two 
compartments. 

Her armament will be one 10-cm., three 65-mm., five 47-mm. 
and four 37-mm. rapid fire guns, and three torpedo tubes. 

Lansquenet.—A torpedo boat destroyer, of 170 tons displace- 
ment, built by M. Oriolle, and guaranteed to make a speed of 
26 knots. She has two 18-inch tubes, one forward intended for 
ahead fire and capable of being trained through an arc of 30 
degrees, and the other one well aft, besides two 47-mm. rapid- 
fire guns. 

Her motive power consists of two three-cylinder, triple expan- 
sion engines of 2,000 I.H.P. each, to which steam is supplied by 
four Oriolle boilers in two water-tight compartments. The con- 
densers and auxiliary machinery are in a separate compartment 
abaft the engines. In order to equalize the weight of the recipro- 
cating parts, the intermediate and low-pressure pistons have 
been made of aluminum. 

The four boilers contain 143.4 square feet of grate and 5,920 
of heating surface. There are three smoke pipes. Forced-draft 
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fans have not been fitted, the design being to use a steam jet 
when running at full speed. 

Her trials have already commenced, and, with two boilers and 
natural draft, she made 16 knots with 202 revolutions of the en- 
gines. 

There is a clause in the contract for her construction imposing 


a penalty of 6,000 francs for each tenth of a knot below 26: 


between 26 and 25 knots, and of 4,500 for each tenth below 25 
between 25 and 24 knots. Above 26, there is a premium of 


7,000 francs for each tenth between 26 and 27 knots, and of 8,000: 


above 27. 
ITALY. 


Re Umberto.—The final trials of this battle ship were made on. 
the 25th of October last, and were highly successful. The con- 
tract stipulated for the development of 15,200 horse power nat- 
ural draft and 19,500 forced draft, but as hereafter shown, the 
Government decided to abandon the forced-draft trials. The 
run was made from Spezia to Genoa and back, a distance of 120: 
knots, at an average speed of 18.3 knots, the engines indicating 
a mean of about 17,000 horse power on 95 revolutions, with } 
inch of air pressure in the stokeholds. The maximum power 
during the run was found to be 19,000 horse power, and the 
maximum speed 184 knots, which was obtained by only 3 inch of 
air pressure. The machinery worked smoothly in every respect,. 
no water service being used. The boilers gave a plentiful sup- 
ply of steam without priming or other difficulties. The results 
were considered so satisfactory from every point of view, both. 
as regards the speed of the vessel and the facility with which 
the speed could be maintained (the trial being made by the or- 
dinary ship’s crew and not by special stokers), that the commis- 
sion appointed recommended the Marine Ministry to accept the 
machinery without further trials, as it appeared so obvious that 
the horse power with forced draft would largely exceed the con- 
tract power of 19,500 horses. The recommendation was, there- 
fore, accepted by the Ministry of Marine. This powerful iron- 
clad is fitted with four 34-centimeter 67-ton Armstrong guns, 
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eight 15-centimeter guns, sixteen 12-centimeter, ten 5.7-centi- 
meter, and seventeen 3.7-centimeter quick-firing guns, and two 
machine guns. The dimensions of ‘the ship are as follows: 
Length, 400 feet; beam, 76.9 feet; draught, 28.6 feet; displace- 
ment, 13,250 tons, 

Aretusa.—Torpedo gunboat, built for the Italian Government 
by Orlando Brothers, Leghorn. The following description of the 
vessel, her machinery and her trials is from “‘ Engineering” of De- 
cember 22, 1893, which also gives indicator diagrams and illus- 
tration of the engines. 

The Aretusa is 230 feet long by 25 feet 6 inches beam, and at 
11 feet 9 inches draught displaces 740 tons. Her armament con- 
sists of one 12-centimeter gun, six 6-pounders and three 3- 
pounder quick-firing guns, and three machine guns. She can 
launch five torpedoes simultaneously. 

The engines are triple-expansion, with cylinders 23.23, 36.18 
and 54.13 inches diameter by 18.11 inches stroke, working with 
a boiler pressure of 170 pounds. The engines are placed in two 
separate compartments, the reversing and starting gears being in 
the center, and the condensers placed at the sides of the ship. 
Each condenser has 1,787 brass tubes .63 inch in diameter, with 
a condensing surface of 2,551 square feet. The condensing 
water is driven through the condensers by two centrifugal pumps, 
the suction and discharge pipes being 9.84 inches in diameter. 
The condensers are made entirely of delta metal. The feed and 
bilge pumps are of the Worthington modified pattern, and their 
working was very effective during the whole of the trials, and also 
when the vessel was under steam in commission. 

The low-pressure slide valves are fitted with Joy’s assistant 
cylinders, this being their first application in Italy. Each of 
these developed during the trials 8 to 10 indicated horse power. 
The slide valve and rod weigh 718.7 pounds. The low-pressure 
eccentrics worked smoothly, and did not show any indication of 
heating at a speed of 270 revolutions. 

The boilers, four in number, of the open-bottom locomotive 
type, are placed two forward and two aft of the engines, the for- 
mer supplying the port and the latter the starboard engines. The 
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total heating surface is 8,417.68 square feet, and the fire-grate 
surface about 1854 square feet. The air blast is delivered under 
the grates through a closed ashpit, each pair of boilers having 
its own funnel of 63 inches diameter. The boilers proved very 
satisfactory. No leakage, priming or other defect was noticed 
under natural or forced-draft steaming. 

The propellers’ bosses are of gun metal, with blades of Stone’s 
patent bronze, the diameter being 8 feet and the pitch 9 feet. 

The total weight of engines, boilers, water, spare pieces, &c., 
is 173 tons, making about 86 pounds per indicated horse power. 

Under the contract two trials were to be made, one of ten 
hours’ duration under natural draft, the power developed to be 
not less than 2,000 indicated horse power, and a three hours’ 
trial under forced draft with an indicated horse power of not less 
than 4,000. A premium was to be paid for extra power devel- 
oped in the forced-draft trial. The natural-draft trial was made 
on September 22, 1892. 

The weather was fine, with a slight northwest wind blowing. 
The trial commenced at 6°15 A. M., the engines being under full 
steam at about 230 revolutions per minute with natural draft. 
The ship started opposite the Meloria Tower. The mean average 
of the revolutions indicated by the continuous recording appa- 
ratus for the ten hours was, for the port engine, 218.7 revolutions, 
and for the starboard engine, 218.5 revolutions. During natural- 
draft trials it is allowed in the Italian navy to run the fans to assist 
the ventilation, but not to give any air pressure in the stokeholds. 
This time the fans were not put in motion during the trial, as the 
contractors did not consider it necessary. The distance of 72 
miles from the Meloria to Nervi, in the Gulf of Genoa, was run 
in 3 hours 59 minutes, giving a mean speed of 18.06 knots. The 
ship was then turned and put on her return course, completing 
her trial at 4°15 P. M., south of Leghorn, without a single hitch 
during the whole of the ten hours’ run. The mean indicated 
horse power for the ten hours was 2,129, being 129 over the con- 
tract. The vibration of the hull was very slight. 

The diagrams taken from the Joy’s assistant cylinders gave a 
collective indicated horse power of 13.08. The working of the 
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main engines was very satisfactory and noiseless, without heating” 


or trouble. 

The forced-draft three hours’ trial was also successful. The 
contract power to be obtained on this trial was 4,000 horse power, 
.but this was exceeded by 422, the mean indicated horse power 
for the three hours being 4,422, with a mean of 264 revolutions 
per minute for the starboard engine and 265.23 for the port en- 
gine. The assistant cylinders gave 16.80 indicated horse power, 
this power being added to the power developed by the main 
engines. Diagrams were taken every quarter of an hour. The 
mean indicated horse power being 422 over the contract, the 
maximum of the premium, about £5,000, has been paid to the 
firm. The highest number of revolutions per minute, reached 
several times during the trials, was 269 for the starboard engine 
and 270 for the port. The approximate maximum power reached 
was nearly 4,800 indicated horse power. A mean speed of 20.70 
knots was obtained during the three hours’ trial. There was rain 
and wind blowing strongly from the southwest toward the finish 
of the trial. 

On the same day, before starting the official trial, curves were 
taken to show the vibrations under different speeds. The great- 
est vibrations were observed at a speed of from 230 to 240 revo- 
lutions, while at a higher speed the vibrations diminished. On 
the preliminary trials, however, the vibrations were very remark- 
able. In order to obviate this, the constructors decided to 
change the low-pressure pistons. The original low-pressure 
pistons were of the usual form, with cast-iron rings similar to 
those of the high and intermediate cylinders, and weighed each 
540 kilogrammes (1,1903 Ibs.). They were changed for new pis- 
tons with brass rings, each weighing 430 kilogrammes (948 Ibs.). 


The result was a decided improvement, as it diminished the 


vibrations in the hull, and allowed the engines to be run at their 
very high power without the slightest trouble. 


RUSSIA, 


Admiral Oushakoff—A coast-defense vessel was recently 
launched. She is 278 feet long, 52 feet beam, 17 feet draught, 
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and of 4,126 tons displacement. Her side armor is 10 inches 
thick, and her armament consists of four 10-inch rifles, twenty 
rapid-fire guns, and torpedoes. 

She has twin-screw triple-expansion engines of 5,000 I.H.P., 
steam for which is furnished by four single-ended return tubular 
boilers. The designed speed is 16 knots. She stows 200 tons 
of coal. 

Three Saints (Tri Sviatitelia).—A battle ship belonging to the 
Black Sea fleet has been launched at Nicolaieff. She is 357.5 
feet long, 72.2 feet beam, 27.5 feet draught, and of 12,480 tons 
displacement. Her side armor is 16 inches thick. She carries 
four 12-inch, eight 6-inch, and four 4.7-inch guns, besides a num- 
ber of smaller ones and an outfit of torpedo tubes. 

Her machinery has been built by Humphrys and Tennant, 
London, and the engines are of the same size as those of the ill- 
fated Victoria—43, 62 and 96 inches diameter of cylinders by 
51 inches stroke, designed for 10,600 I.H.P. under natural draft, 
with a piston speed of 700 feet per minute. The condensers are 
rectangular in section, and form the back framing of the low- 
pressure cylinders. They have a total cooling surface of 18,500 
square feet. The boilers are in four water-tight compartments. 
There are fourteen single-ended ones, each with three 50-inch 
furnaces, having a combined grate and heating surface of 1,050 
and 31,024 square feet, respectively, and two auxiliary boilers 9 
feet 44 inches diameter and 8 feet 3 inches long, containing 44 
square feet of grate and 1,084 square feet of heating surface. The 
boiler tubes are 3 inches in diameter. It is thus evident that this 
vessel will not be deficient in boiler power, and that with forced 
draft, for which eight 78-inch fans have been provided, she should 
be able to develop 15,000 horse power with ease and make at 
least 18 knots, unless the large furnaces cause trouble. 

The screws are 17 feet diameter and have adjustable blades, 
the pitch of which can be varied from 22 to 254 feet. 
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MERCHANT STEAMERS. 


Northwest.—This steamer, a description of which was given on 
page 238 of volume V, was launched at the Globe Iron Works, 
Cleveland, on the 6th of January. As a more extended de- 
scription of her is now at hand, the data heretofore given is. 
reproduced, together with the additional information. 

The general dimensions are are as follows: 


She has been built of mild steel throughout, with an inner 
bottom extending from the collision bulkhead forward to the 
afterpeak bulkhead aft. She has been built under special survey 
in order to obtain the highest classification in the United States 
Standard Rules. The hull has been specially strengthened and 
subdivided through transverse and longitudinal bulkheads into 
numerous water-tight compartments, several of these bulkheads 
extending to the spar deck, without any doors or openings cut 
through, and where it has been found necessary to have passages. 
through the bulkheads specially-designed water-tight doors have 
been fitted which can readily be closed in case of emergency. 
The construction throughout has been planned and carried out 
with the view of making the Northwest not only the most modern 
and luxurious, but also the strongest and safest conveyance on, 
the lakes. 

The design of the hull is a novel departure from the system 
generally used for high-speed merchant steamers, as, instead of 
carrying the after lengths of the shafts through the ship’s sides, 
and consequently have them exposed and unsupported for a con- 
siderable length, the hull in this case has been constructed around. 
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the shafts in such a way as to give not only great strength to the 
after body of the vessel, but also to form as little resistance as 
possible and allow the water to pass freely to the wheels. The 
same system of construction has been used in several of our 
cruisers. 

The interior of the hull has been constructed to meet the re- 
quirements necessary for the Belleville boilers, which are placed 
about amidships in three separate water-tight compartments, 
Alongside of the thwartship stokeholds are the coal bunkers, 
which extend longitudinally through the different boiler spaces, 
and are capable of holding 1,000 tons of coal. The arrange- 
ments for coaling have received special attention, and in order to 
reduce the time necessary for that purpose to a minimum the 
coaling hatches have been trunked in, and the bottom of each 
trunk formed into four sloping coal chutes, each leading into 
a different coal bunker; the coal being thus directed in its fall 
will spread itself uniformly over the bunkers, thereby obviating 
the necessity of trimming the coal to any great extent. 

Forward of the boiler rooms is a cross bunker for a reserve 
supply of coal, and a tunnel through this cross bunker leads into 
the space in which the refrigerating machinery, freezing tank, 
water-pressure tanks and other auxiliary machinery is placed. 

The hold forward is subdivided into trimming and supply-tank 
and cold-storage provision rooms. 

An elevator is fitted at the after end of the provision rooms, 
communicating with the main deck, on which the galleys, pan- 
tries, dining and mess rooms are located. 

There are two vertical, quadruple-expansion engines of 3,500 
horse power each. The sizes of the cylinders are 25 for the high, 
36 for the first intermediate, 513 for the second intermediate and 
74 for the low-pressure, with a stroke of 42 inches. Piston valves 
are used on all of the cylinders; one for the high, two for the 
first intermediate, two for the second intermediate and two for 
the low-pressure, arranged outboard on the working side. All 
are operated by the Joy valve gear and reversed direct by steam 
and hydraulic gear. The reverse arms are slotted and are fitted 
with blocks and adjusting screws. The engine columns on the 
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back or inboard side are of cast iron, forked and of box section, 
and are braced together by cast-iron flanged distance pieces. 
The columns are fitted with detachable water-back guide faces. 
The front columns are of turned wrought iron, to which are at- 
tached by brackets the reverse shaft and link for the valve gear. 
The cylinders are without jackets or liners, and the valve chests 
are connected by faced joints and turned bolts. The L.P. and 
second I.P. cylinders are fitted with cone-shaped disc steel pis- 
tons, and the first I.P. and H.P. cylinders have cast-iron pistons, 
all of which are fitted with followers and single-ring packing set 
out with flat bent springs. The piston rods are of steel, but do 
not extend through the top cylinder head and are secured to the 
piston head by quick taper and nut. The lower end is fitted with 
bolts and brasses that connect to pin in upper end of the connect- 
ing rod. 

The crosshead, which is of the slipper pattern, of cast iron, is 
fitted with adjustable brasses and bolted to the piston rod. The 
connecting rod is of reforged iron, the lower end T-shaped and 
fitted with brasses, lined with Babbitt and secured to the rod by 
bolts and plate. In the middle of the rod jaws are forged on 
and slotted out to receive the brasses, to which is connected the 
vibrating lever of the valve gear. The upper end of the rod is 
forked and fitted with the steel pin that engages the crosshead as 
already described. 

The bed plate is of cast iron, in four sections, planed and bolted. 
The main journals in the bed plate are bored out and faced at end. 
Brass bushes, without flanges and Babbitted, are fitted top and 
bottom alike, and secured in place by cast-iron liners and bolts. 
The crank shaft is of wrought iron, built up in four duplicate in- 
terchangeable parts, 13} inches diameter, and crank pin 14 inches 
diameter by 16 inches long. The crank shafts have solid forged 
couplings fitted with straight turned bolts. The total bearing 
in the bed plate is 10 feet 8 inches. The thrust block is of 
the horseshoe type, with cast-iron shoes and faced with Babbitt, 
the sole plate being bolted to the bed plate. Intermediate bear- 
ings, lined with Babbitt metal, are placed at proper intervals to 
Support the intermediate shaft. 


| TI 
eter | 
Ez 
cal, « 
and 
The 

strok 

and | 
feed 
bilge 
locat 

| Tl 
cate 

statu 
Ti 

nom 

| hors 
natu 
gene 

long 

grou 

so t 
fire 
plac 
boar 

the 
| ers ¢ 
ship 
The 

heac 

| of v 
abot 

T 

roor 

The 
| 22,7 


MERCHANT STEAMERS, 215. 


The screw propellers are four-bladed, sectional, 13 feet diam- 
eter and 18 feet pitch. The blades are of cast iron. 

Each engine has an independent air pump run by a verti- 
cal, compound, direct-connected engine. The cylinders are 15 
and 30 inches diameter, with a stroke of piston of 18 inches. 
The air pumps are single acting, 38 inches bore by 18 inches 
stroke. The condenser is bolted on the side of the channel plate 
and is fitted with cone and spray nozzle, injection valve, etc. The 
feed pumps will be placed in the fire rooms. The cold-water, 
bilge and sanitary pumps are of vertical duplex type, and are 
located in the engine room. 

The engines when turning 120 revolutions per minute will indi- 
cate 3,500 horse power each, and with a total horse power of 
7,000 the vessel is expected to make an average speed of over 20 
statute miles per hour. 

The boilers are the Belleville patent water-tube system. Their 
nominal evaporative efficiency will give the main engines 7,000 
horse power and to the auxiliaries 500 horse power more, with 
natural draft. The boiler power is divided into three groups of 
generators. Each group is inclosed between athwartship and 
longitudinal bulkheads. There are two groups of ten and one 
group of eight generators. Each group has its own smokestack, 
so that the vessel will be a 3-pipe boat. Each group has two 
fire rooms, connected by a cross passage. The generators are 
placed back to back over the keel and the fire rooms are out- 
board of them; therefore there are the boilers in the center of 
the vessel, the fire rooms outboard of the boilers, and the bunk- 
ers outside of all. Thus, the boilers are 12 feet 9 inches athwart- 
ships, from face to face, and the fire rooms 6 feet 74 inches each. 
The outer limits of fire rooms are the fore and aft bunker bulk- 
heads, which are 26 feet apart, leaving bunker space on each side- 
of vessel at the widest part of g feet. The bunkers will store 
about 1,000 tons of coal. 

The three groups of generators, the cross passages and fire 
rooms will occupy a floor space of 26 feet wide by 124 feet long. 
The total grate surface is 812 square feet; total heating surface, 
22,736 square feet; total weight with water, 812,000 pounds. 
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Each generator occupies a fore-and-aft distance of eight feet, 
the two fronts are 112 feet long each, and the passages use 12 
feet, making the total of 124 feet, as stated above. 

The extreme height of the boilers is 11 feet, leaving a consid- 
erable space unused under the deck, which is utilized for venti- 
lation. 

Each smoke pipe and its outer pipe is inclosed within iron 
bulkheads both fore and aft and athwartships. The outside casing 
of the smoke pipe is large enough to give ample area for a free 
exit of the heat of the fire rooms, while a supply and circulation 
is given by fan blowers delivering into the open fire rooms. By 
an arrangement of the air pipes a suitable number of air jets are 
directed so as to induce circulation toward and into the ash pits, 
at the same time creating a cooling current for the benefit of the 
stokers. 

The fans are located on the spar deck in the rooms which in- 
close the smoke pipes. 

She will be equipped with electric signal lights, 100 c.p. each, 
connected to an automatic alarm attachment located in the pilot 
house. In case a lamp is extinguished by accident or otherwise, 
it rings an alarm bell in the pilot house; also lights a lamp, notify- 
ing the officers in charge immediately that a lamp has been extin- 
guished. 

A refrigerating apparatus will be supplied by the DeLa Vergne 
Refrigerating Machine Co., of New York. 

The Northwest has been elegantly fitted up for the accommo- 
dation of first-class passengers and for emigrants. She will run 
between Buffalo and Duluth, and will start from Buffalo on her 
first trip early in June. She will carry a crew of 142 men, and 
will stop at Cleveland, Detroit and the Soo. She will run at the 
rate of twelve miles an hour through the river and twenty miles 
an hour on the lakes, making the trip from the foot of Lake Erie 
to the head of Lake Superior in fifty-six hours. 

All the boiler material has been subjected to 800 pounds hy- 
drostatic pressure in the rough, and when machined and jointed 
a final test of 650 pounds—to be absolutely tight at this last test. 
The boilers will be fitted with the Etna shaking grates. The 
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fittings, such as valves, cocks, etc., are made especially for the 
high boiler pressure of the 250 to 300 pounds it is designed to 
carry. 

The electric lighting plant is divided into three units, each unit 
consisting of a vertical, direct-connected, three-cylinder, triple- 
expansion engine and dynamo. The units are of 400 sixteen- 
candle-power light capacity each, and develop an E.M.F. of 110 
volts at 300 revolutions per minute. A separate condenser is 
supplied and connected to the three electric engines, suppressing 
entirely the noise occasioned by high-pressure exhaust. The 
engine cylinders are cast in one piece, and supported on eight 
steel columns, thoroughly braced. The valves are of the piston 
type, completely balanced. The main crank is cut from a solid 
forging, and is supported in self-oiling journals lined with gun 
metal. On one end of the triple-expansion crank is forged a 
flange, to which is secured the armature shaft. The engines are 
equipped with automatic relief valves, and thoroughly protected 
with oil guards. 

Vigilancia.—Formerly owned by the Brazil Steamship Com- 
pany, was recently purchased by the Ward line, and, on her five 
hours’ run to determine her speed under the postal regulations 
for mail contracts, made an average of 14} knots. 

_ Kensington.—This is a large twin-screw steamer of about 9,000 
tons register, built by J. & G. Thomson, Clydebank, builders of 
the (City of) Paris and New York, for the International Naviga- 
tion Co.,and is of interest as embodying some of the most recent 
features in ship and engine construction. She is built principally 
for the freight trade between Liverpool and Philadelphia, but 
has accommodations for 120 first and second-class passengers, 
and for 1,000 emigrants. She is 480 feet long b. p., 57 feet 
beam, and forty feet deep, and carries 8,500 tons on a draught of 
28 feet ; her net tonnage is 5,600. Her rig is the usual fore-and- 
aft one, there being four pole masts. 

The engines are of the quadruple-expansion type with four 
cranks, the cylinders being 254, 373, 524 and 74 inches diame- 
ter by 54-inch stroke, and are designed for 7,000 I.H.P. at 90 
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revolutions. The boilers work at a pressure of 200 pounds, and 
are fitted with Serve tubes and induced draft. 

Southwark.—A sister ship to the Kensington, built by Denny 
Bros., of the same dimensions, and with engines of the same type 
and size, the boilers having Serve tubes and working with in- 
duced draft. On trial, carrying more than one-half her dead 
weight capacity (10,000 tons), she made a speed of 16.38 knots 
on the measured mile. 

Normannia.—The following table containing a resumé of the 
season’s work of this ship, shows a remarkably uniform time of 


passage. 


THE NEEDLES TO SANDY HOOK. 


Mean 


Revolutions 
Speed. per cent. aed 


per minute. 


Voyage. Time. |Distance.| 


Staré'd. Port. | Staré’d. 


22! 6°19'20| 3,099 | 81.75 | 79.90] 18.97 | 13.94 | I1.90 | 30% 
23 6°16°30| 3,116 | 82.00 | 80.17 19.41 | 1285 | 11.08 | 295 
24 612°30| 3,086 | 82.83 | 8070] 19.72 | 12.73] 1050] 297 
25 6°15°30| 3,105 | 8244] 80.26; 19.47 | 13.37 | 11.18 | 297 
26? 6°16°45 | 3,062 | 81.09 | 78.80 | 19.05 | 12.90 | 11.14] 296 


6:14°0 | 3,056 | 81.90} 80.20/ 19.34 | I2. 10.80 | 300 


3,087 | 82.00 | 80.00/ 19.33 | 13.09 | 11.11 | 298 


SANDY HOOK TO THE NEEDLES. 


81.10 | 79.30} 19.07 | 13.20] 11.40] 303 


23 6°12°30 | 3,111 | 83.67 | 81.44 | 19.88 | 12.50] 10.16] 32% 
24 62018| 3,146 | 81.64 | 7953} | 13.52 | 10.98] 322 
25 6°12'15 | 3,060 | 81.40 | 79.40] 19.58 | 11.60 9.20 | 305 
26% 6165 | 3,054 | 80.40 | 7860] 19.08 | 12.82} 1060] 311 
27 61210} 3.056 | 8070} 80404] 19.57 | 11.50] 11.30] 320 


Mean... 6°15°33 | 3,093 | 8149 | 79.78] 19.39 | 12.52 | 10.61 | 314 
Mean of round 

tYiPS.. | 6°15°40 | 3,090 | 81.75 | 7989] 19.36 | 12.80] 10.86] 306 
i 
1. Port engine sto four and a half hours. 3. Eight and a half hours with one air pump. 
2. Two and a half hours at half speed. 4. Pitch of port screw blades altered. 


La Navarre.—This twin-screw vessel, recently completed by 
the Compagnie Générale Transatlantique, is intended for their 
West India trade. She is 494 feet long, 49 feet 3 inches beam, 
37 feet deep, and displaces 8,922 tons on a mean load draught of 
22 feet 8 inches. She is divided into fifteen water-tight compart- 
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ments by thirteen transverse and one longitudinal bulkhead, the 
latter between the engines. She has two pole masts and two 
smoke pipes. Her engines are of the triple-expansion type, with 
cylinders 314, 50} and 82} inches diameter by 52} inches stroke, 
which, at 90 revolutions per minute, develop 3,750 I.H.P. each. 
There are four double-ended six-furnace boilers, in two water- 
tight compartments, each pair in connection with an elliptical 
smoke pipe 8 feet 10 inches by 5 feet 3 inches. The propellers 
are 15 feet 4 inches in diameter. She has complete electric 
light and refrigerating plants, and is fitted up for 250 first-class, 
130 second and third-class passengers, and 600 emigrants. Her 
speed on trial was 18 knots. 
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- Columbia.—This is the name of the steel steam yacht built by 
the William Cramp & Sons Ship and Engine Building Co. for 
J. Harvey Ladew, Esq. The construction of the hull was sub- 
let to the Charles Hillman Company, of Philadelphia, and was 
launched in August last. 

The following are her principal dimensions : 


Draught of water, feet and inches......00+ 10-3 


She has a four-cylinder triple-expansion engine, with cylinders 
213, 31 and two 34 inches in diameter by 20 inches stroke, de- 
signed for 1,800 I.H.P., when the engines are running with a 
piston speed of 800 feet per minute, steam being supplied at 160 
pounds pressure by two return-tubular boilers. 

Her acceptance trial consisted of a run of 80.52 miles in Long 
Island Sound, which she did at the rate of 17.85 knots, the aver- 
age revolutions being 235 per minute and the I.H.P. 1,880. For 
a distance of 22} knots she made 18.3 knots. 

The engine is a duplicate of those in the Vesuvius. 

Eleanor.—The Bath Iron Works are building for W. A. Slater, 
Esq., of Providence, R. I., a bark-rigged steam yacht to cost 
about $250,000. Her dimensions are: 


Length on water line, feet........ 208 
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Her engine is triple-expansion, with cylinders 18, 28 and 45 
inches diameter by 30 inches stroke, designed for 1,500 indicated 
horse power, with which a speed of 16 knots is expected. She 
will have two return-tubular boilers, working at a pressure of 160 
pounds. The screw is four-bladed, 10 feet 3 inches in diameter. 
The sail area is 14,000 square feet. 

Dungeness ——A steel yacht, designed by Mr. George B. Mal- 
lory for Mrs. Lucy Carnegie, and built by the Maryland Steel 
Co., was recently launched at Sparrow’s Point. She is 119 feet 
over all, 101 on the water line, 20 feet beam, 10 feet 3 inches 
deep, and displaces Ig1 tons on a mean draught of 6 feet 6 
inches. 

The motive power comprises a single-screw compound engine 
and a Scotch boiler, together with the usual auxiliaries. The 
engine has cylinders 13 and 24 inches diameter by 18 inches 
stroke, and has been designed to develop about 200 horse power 
with natural draft when the engines are making 180 revolutions 
per minute. The main boiler is 10 feet 6 inches diameter and 10 
feet long, with two furnaces 38 inches diameter. gThe grate sur- 
face is 38 square feet, and the working pressure 125 pounds. 
There is also a small donkey boiler for use in port. 

She has been fitted up in the most approved style, and will be 
ready for her trial in a short time. 

Rona. —On the 12th of December Messrs. D. & W. Henderson, 
the builders of the Va/kyrie, launched from their yard at Partick, 
Glasgow, a large steam yacht, built from the design of Mr. G. L. 
Watson for Mr. A. H. E. Wood, of Rugby. The “ Marine En- 
gineer” gives the following particulars of her: 

‘ The vessel is of handsome model and exceptional dimensions. 
The length over all is about 270 feet ; beam, 30 feet 3 inches; depth, 
19 feet 8 inches. The Thames measurement tonnage will be about 
1,000. She has been built under Lloyd’s special survey, and is 
classed in their yacht register 100 Ai. The arrangements for 
the accommodation of the owner and his friends are of the most 
complete description, everything that can add in the least degree 
to their comfort having been included in the yacht’s design. 
There is a great height in tween decks—nearly 9 feet—which is 
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of advantage in the state rooms and saloons. The state rooms 
are eleven in number and are of large size. They have a polished 
walnut dado with figured cretonne above. The five larger state 
rooms have baths under the floors, supplied with hot and cold 
water. A complete system of electric bells is fitted throughout 
the rooms. Immediately forward of the machinery space is the 
pantry, which is complete with all the usual dressers, racks, &c. 
It communicates with the galley above by means of a hoist, and 
with the saloon by a serving window. The dining saloon isa 
handsome apartment, well lighted by a large dome skylight filled 
with stained glass. Aft of the engine space is the boudoir, which 
is fitted with a handsome fireplace, piano, &c. The cabinet work 
of both these apartments is from designs by Mr. T. L. Watson, 
F.R.1.B.A.,, and will be of the most artistic description. 

“The accommodation for the officers and engineers comprise 
a mess room and pantry, seven rooms, bath, &c. The crew are 
berthed forward in a large forecastle, which is complete with 
berths, seats, lockers, &c. The firemen’s berths are amidships, 
and are entered off the engine room. A bath is also fitted for 
their use. On the upper deck is a teak-paneled house, containing 
the drying room, chart room, galley, photographic dark room, 
scullery and the companion house to main saloon. This latter 
is a handsomely finished apartment, containing lounges, chairs, 
writing table, piano, &c. In side-houses amidships are the boot 
room, larder, ice chest, cloak room, &c. Electric light will be 
fitted throughout the vessel. The heating and ventilation of the 
cabins, to suit the varying climates to which the vessel will be 
exposed, have received special attention. The ventilation is 
effected by the ordinary method, and also by electric fans. These 
draw air through a system of conduits so arranged that any room 
can be shut off at will. The heating of the rooms is done by a 
complete system of hot-water piping. For provisioning for long 
voyages there is a refrigerating chamber and machine. A large 
number of boats will be carried, including steam and electric 
launches and two one-rating yachts. The vessel will be rigged 
as a two-masted schooner, with square sails on the foremast. 
The builders’ firm have also made the machinery. The engines 
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are of the triple-expansion type, with cylinders 23 inches, 38 
inches and 64 inches by 36 inches stroke. With these it is ex- 
pected that the vessel will develop a high rate of speed.” 

Valiant—Mr. Vanderbilt’s new yacht, described in the last 
number of the JourNAL, recently made the run from New York 
to Gibraltar in g days and g hours, or at the rate of about 15 
knots an hour. 
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PROCEEDINGS OF THE DIVISION OF MARINE AND NAvaL En- 
GINEERING AND NAVAL ARCHITECTURE OF THE INTERNATIONAL 
ENGINEERING CONGRESS. 

The readers of the JourNAL have already been given some 
idea of the work of this Congress, held at Chicago last summer 
in connection with the Columbian Exposition, by the brief ac- 
count published in the August number. In the advertising 
pages it was announced that the Proceedings would be issued 
in December, and they appeared at the end of that month. 

Engineer-in-Chief Melville is the responsible editor of the two 
handsome volumes, but the details of this laborious work were 
carried out under his immediate supervision by Passed Assist- 
ant Engineer W. M. McFarland, U. S. N., whose duties as editor 
of the JourNAL for the past two years gave him excellent train- 
ing for the task. 

Dr. Francis Elgar, the distinguished English naval architect, 
who was an active member of the Congress, said at its close: 
“T venture to predict that the Proceedings of this Congress will 
form, in the future, one of the most valuable works upon naval 
architecture and marine engineering that have ever been pub- 
lished,” and in this opinion we heartily concur after a careful 
study of the two volumes. 

In planning the list of subjects, Engineer-in-Chief Melville 
aimed to have every live topic in marine engineering and naval 
architecture treated by a leader of the profession who had de- 
voted special attention to his subject, and his success is remark- 
able. Sir Nathaniel Barnaby has treated Warship Design ; Dr. 
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Elgar, Naval Architecture; Mr. Howden, Forced Draft; Mr. E. 
S. Cramp, Steel Castings for Marine Machinery; Col. Soliani, 
Liquid Fuel for War Vessels; Mr. Seaton, Multiple-Expansion 
Engines; Mr. Sydney Barnaby, Screw Propellers; Mr. Charles 
Ward, Coil Boilers; Mr. Geo. W. Dickie, Auxiliary Machinery 
for Naval Vessels ; Mr. Nelson Foley, Boiler Construction, and 
so on. In all, there are forty-three authors, and nothing but 
such an international occasion could have brought out so many 
valuable papers by authors of such eminence. 

Space will not permit a detailed notice of the work, as its 
scope is so vast, but we may remark that no naval architect or 
marine engineer who pretends to keep posted on the latest de- 
velopment of his profession can afford to be without it. Besides 
the papers themselves, the discussions are of great value, and 
the illustrations are unusually numerous and helpful. The papers 
on liquid fuel, hydraulic machinery, auxiliary machinery for naval 
vessels, and steamers of the Great Lakes are illustrated so fully 
that nothing is omitted. 

A feature which has been worked out with great care is the 
index, which of itself covers nearly twenty pages. An effort has 
been made to render the treasures of the book readily accessible, 
and we believe it has been successful in a degree never before 
reached in a technical work. The references are not merely by 
titles and authors’ names, but every valuable item in the body of 
an article is given with cross references when needed. 

The publishers are Messrs. John Wiley & Sons, the well- 
known New York firm, and, besides praise for their share of the 
work in the ordinary sense, they deserve the thanks of the pro- 
fession for their public spirit in taking the financial risk involved. 
When they agreed to publish the work not half of the papers 
had been received, so that it was their pride as American pub- 
lishers and engineers that led them to take the risk, without 
knowing what would be the cost. The actual cost has been 
nearly double the estimated. Thus, in addition to the intrinsic 
merit of the work, it should commend itself to all American en- 
gineers and naval architects who desire that the patriotism of the 
publishers shall be appreciated. 
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Die TECHNISCHE ENTWICKLUNG DES NORDDEUTSCHEN — 
LLoyDs UND DER HAMBURG-AMERIKANISCHEN PACKETFAHRT— 
AKTIENGESELLSCHAFT.—By R. Haack AnD C. Bustey. BERLIN: 
JuLius SPRINGER, 1893. 

This quarto volume of 236 pages gives the history of these 
two steamship lines, with lithographic plates of the ships and of 
their machinery, together with indicator diagrams from the dif- 
ferent types of engines illustrated. The eighteen ship plates 
give, to scale,a longitudinal section, deck plans and cross-sections 
of the typical vessels described, including such as the Augusta 
Victoria, the Fiirst Bismarck, the Kaiser Wilhelm I] and the 
Havel, while the text contains illustrations and full descriptions 
of all the ships of both fleets. The sixteen machinery plates 
give a longitudinal section, plan and end view of the engines, 
longitudinal and cross-sections of the boilers, and a drawing of 
the screws. They include the triple-expansion engines of the 
Fiirst Bismarck, the Normannia, the Lahn and the Spree, and the 
quadruple-expansion engines of the Kronprinz Friedrich Wilhelm, 
together with many others of an earlier date. That part of the 
text pertaining to the machinery contains complete data of the 
machinery of all the vessels, and is profusely illustrated ; and as 
the two fleets were built in many yards, a good insight is given 
into the practice of such establishments as Fairfield, Laird’s, 
Vulcan Works and Denny’s. 

Although there is much in the work that is of interest chiefly 
from an historical standpoint, the data and plans of the modern 
ships and machinery are of such a character as to make it one of 
much value to ship and engine builders and designers. 
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The Annual Meeting of the Society was held December 22, 
1893, in the office of the Engineer-in-Chief of the Navy. 

After a short address by the President, reviewing the growth 
of the Society, the election of officers was held, resulting as fol- 
lows : 

President: Chief Engineer H. Webster, U. S. N. 

Secretary-Treasurer : Passed Assistant Engineer R. S. Griffin, 
U.S.N. 

Members of Council, in addition to the President and the Sec- 
retary : 

Passed Assistant Engineer F. H. Bailey, U. S. N.; Passed As- 
sistant Engineer B. C. Bryan, U. S. N.; Assistant Naval Con- 
structor F. W. Hibbs, U. S. N. 

The report of the Secretary-Treasurer was then read, showing 
the financial condition of the Society to be excellent. It is as 


follows : 
WASHINGTON, D. C., December 22, 1893. 
To the American Society of Naval Engineers: 
Gentlemen: In accordance with the requirements of section 14 of the By-Laws, 
I have the honor to submit the following report of the finances of the Society for the 
year ending to-day: 


Balance on hand December 22, 1892...... 
for subscriptions, reprints and extra COpieS. ......0 624 00 
for interest on deposits 30 84 


Expended for printing JoURNAL....... $2,311 60 

stationery, postage and incidentals,,.... 151 30 
International Engineering Congress........0+ see 135 80 

salary of Secretary-Treasurer. 600 00 


Total expenditures...... ...... $3,710 16 
Balance on hand December 22, 1893 ...4. -++++ $1,590 08 
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All of which is respectfully submitted. 
WALTER M. MCFARLAND, 
Passed Assistant Engineer, U.S. N., 
Secretary- Treasurer. 


Passed Assistant Engineer B. C. Bryan, U. S. N., then read a 
paper on Turning Efforts on Crank Shafts of High-Speed En- 
gines, and Passed Assistant Engineer F. H. Bailey, U. S. N., one 
on Steam Cylinders of Air-Pump Engines, both of which will be 
published in the JouRNAL. 

After a vote of thanks to the retiring Secretary-Treasurer for 
his able and successful management of the office, the meeting ad- 
journed. 

The report of the Secretary-Treasurer has since been audited 
and found to be correct. 
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AMERICAN SOCIETY OF NAVAL ENGINEERS. 


OFFICERS FOR 1894. 


President : 
Chief Engineer H. Webster, U.S. Navy. 


Secretary and Treasurer: 
Passed Assistant Engineer R. S. Griffin, U. S. Navy. 


Librarian 
Passed Assistant Engineer W. W. White, U. S. Navy. 


Council 
Chief Engineer H. Webster, U.S. Navy. 

Passed Assistant Engineer R. S. Griffin, U. S. Navy. 
Passed Assistant Engineer Frank H. Bailey, U.S. Navy. 
Passed Assistant Engineer B. C. Bryan, U.S. Navy. 
Assistant Naval Constructor F. W. Hibbs, U.S. Navy, 


HONORARY MEMBERS. 
(EX-OFFICIO. ) 
The Secretary of the Navy. 
The Assistant Secretary of the Navy. 
Chief of Bureau of Steam Engineering : 
Geo. W. Melville, Engineer-in-Chief, U. S. N., Navy Department. 
Ex-Chiefs of Bureau of Steam Engineering : 
Chas. W. Copeland, Consulting Engineer, 24 Park Place, New York. 
Chas. H. Haswell, Civil and Marine Engineer, 42 Broadway, New York. 
B. F. Isherwood, Chief Engineer, U. S. N. (retired), 111 East 36th street, New York. 
J. W. King, Chief Engineer, U. S. N. (retired), 3231 Powellton avenue, Philadelphia. 
Chas. H. Loring, Chief Engineer, U. S. N. (retired), 239 Clermont avenue, Brooklyn. 
Wm. H. Shock, Chief Engineer, U. S. N. (retired), 1404 15th street, Washington, D. C. 


MEMBERS. 


Able, A. H., Chief Engineer, U. S. N., 
Navy Yard, League Island ; residence, 2034 Mt. Vernon st., Philadelphia, Pa. 
Addicks, W. R., Engineer, 
Bay State and Boston Gaslight Companies, 24 West street, Boston, Mass, 
Aldrich, Wm. S., Professor Mechanical Engineering, 
and Director Department of Mechanic Arts, West Virginia University, Morgantown, W. Va. 
Allderdice, W. H., Passed Assistant Engineer, S. S. Bennington. 
Allen, F. B., Vice-President Hartford Steam Boiler Inspection and Insurance Co., Hartford, Conn, 


Anderson, M. A., Assistant Engineer, U. S.N U.S. S. New York. 
Andrade, Cipriano, Chief Engineer, U.S. N U.S.S. Columbia. : 
Armistead, 8S. W., Naval Constructor, U. S. N. Navy Yard, Norfolk, Va. 
Aston, Ralph, Chief Engineer, U. S. N U.S. S. Bennington. 


Ayres, S. L. P., Chief Engineer, U.S. N Navy Yard, New York, 
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Bailey, F. H., Passed Assistant Engineer, U.S. N., 
Bureau Steam Engineering, Navy Department, Washington, D. C- 


Baird, G. W., Chief Engineer, U.S. N....... U.S. S. Dolphin. 
Baker, Charles Henry, Chief Engineer, 1739 19th street, Washington, D. C. 
Barnard, G. A., Mechanical Eng 115 Lincoln Ave., Salem, Ohio. 


Barrett, Thos. H., U.S. Local and Special Inspector of Foreign Steam Passenger Vessels, 
Room 164, Postoffice Building, New York. 
Barry, J. J., Passed Assistant Engineer, U. S. N.............106 McDonough street, Brooklyn, N. Y. 


Bartlett, F. W., Passed Assistant Engineer, U.S. N..........s0000 Naval Academy Annapolis, Md, 
Barton, J. K., Passed Assistant Engineer, U. S. N U. S.S. Columbiz 

Bates, A. B., Chief Engineer, U. S. N U.S. S. Yorktown. 
Baughman, H. C., Assistant Engineer, U.S. N..,......000-00000 2000 N. 12th Street, Philadelphia, Pa. 
Baxter, W. J., Naval Constructor, U.S. N Navy Yard, Norfolk, Va. 
Bayley, W. B., Passed Assistant Engineer, U.S. N........ cessseessersnenesneeee Care Navy Department. 
Beach, E. L., Assistant Engineer, U.S. N............. Navy Yard, New York. 


Bennett, F. M., Passed Assistant Engineer, U.S. N., 
Bureau Steam Engineering, Navy Department, Washington, D. C. 


Bevington, Martin, Passed Assistant Engineer, U. S. N.......... U.S. S. Columbi, 

Bieg, F. C., Passed Assistant Engineer, U. S. N ...... = U.S. S. Charleston. 
Borthwick, J. L. D., Chief Engineer, U.S. N U.S. S. Michigan, Erie, Pa. 
Bowers, F. C., Passed Assistant Engineer, U.S. Navy Yard, New York. 


Boyd, Jas. T., General Manager Manufacturing Department, 
The Geo. F. Blake Manufacturing Co., East Cambridge, Mass. 


Bray, Charles D., Profe Civil and Mechanical Engi ing, Tufts College, College Hill, Mass. 
T.. C. Bureau Steam Engineering, Navy Department, Washington, D. C. 
Brooks, W. B., Chief Engineer, U.S. N. (retired)... Oth street, Erie, Pa. 


Bryan, B.C., Passed Assistant Engineer, U. S. N., 
Bureau of Steam Raginewing, Navy Department, Washington, D. C. 
Buehler, W. G., Chief Engineer, U.S. N., 
Board of Examiners, Postoffice Building, Philadelphia, Pa. 
Burd, G. W., Passed Assistant Engineer, U. S. N Navy Yard, New York. 


Burgdorff, T. F., Passed Assistant Engineer, U. S. N U.S. S. Thetis. 


Canaga, A. B., Passed Assistant Engineer, U.S. N U.S. S. Chicago. 
Capps, W. L., Assistant Naval Constructor, U.S. N., 


Bureau Construction and Repair, Navy Department, Washington, D. C. 


Carney, R. E., Assistant Engineer, U. S. N..........sssesseeee Union Iron Works, San Francisco, Cal. 
Carr, C. A., Passed Assistant Engineer, U. S. N U.S. S. Marblehead. 
Carter, T. F., Passed Assistant Engineer, Wc Be. Wececcvcvenel Care Cramp & Sons, Philadelphia, Pa! 
Cathcart, W. L., Mechanical Engineer, Hoyt, Montg y Co.. Pa. 
Chambers, W. H., Assistant Engineer, U.S. S. Detroit. 
Cleaver, H. T., Passed Assistant Engineer, Yard, Norfolk, Va. 


Collins, Jno. W., Chief Engineer, U. S. R. M., 

Consulting Engineer Revenue Marine Division, Treasury Department, Washington, D. C. 
Conant, F. H., Assistant Engineer, U. S. N U.S. S. Philadelphia. 
Cooley, Mortimer E., Professor Mechanical Engineering, 


University of Michigan, Ann Arbor, Mich. 
Cowie, George, Jr., Chief Engi ,U.S.N. Care Navy Department. 


Cowles, Wm., Constructing Engineer and Naval Architect, 865 Union street, Brooklyn, N. Y, 
Crawford, Robt., Passed Assistant Engineer, U. S. N., 

Superintendent Williamson School, Williamson School Postoffice, Delaware Co., Pa. 
Creighton, W. H. P., Assistant Engineer, U. S. N. (retired), 249 Camp street, New Orleans, La 


Danforth, Geo. W., Assistant Engineer, U.S. N...... U.S.S. New York. 
Denig, R. G., Passed Assistant Engineer, U.S. N U.S.S. Balti: 


. Dixon, A. F., Passed Assistant Engineer, U.S. N Navy Yard, New York. 
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Doran, James S., Superintending Engineer to the American and International S. S. Cos., 
305 Walnut street, Philadelphia, Pa. 


Dowst, F. B., General Superintendent B. F. Sturtevant Co........++++.. Jamaica Plain, Boston, Mass. 
Dripps, W. A., Consulting Engincer,.........0sssssssssessesreeees 3324 Walnut street, Philadelphia, Pa. 
Durigan, W. W., Chief Engineer, U.S. Navy Yard, Norfolk, Va. 


Durand, W. F., Professor Marine Engineering and Naval Architecture, 

Cornell University, Ithaca N. Y. 
Dunning, Wm. B., Passed Assistant Engineer, U. S. N., Union Iron Works, San Francisco, Cal, 
Dyson, Charles W., Assistant Engineer, U.S, N.........0+. U.S. S. Fish Hawk, Fish Commission, 
Eaton, Wm. C., Passed Assistant Engineer, U. S. N.... U.S.S. M 


Eckart, W. R., Consulting Eng’ street, San Francisco, Cal, 
Edson, Jarvis B., Mechanical Engineer 87 Liberty street, New York. 


Edwards, Jno. R., Passed Assistant Engineer, U.S. N U.S.S. Petre?. 
Eldridge, F. H., Passed Assistant Engineer, U.S. N...... U.S. S. Chicago, 
Emanuel, J. M., Passed Assistant Engineer, U.S. N., 1810 North rath street, Philadelphia, Pa. 
Emery, Chas. E., Ph.D., Consulting Engineer...... 915 B Building, New York. 


Engard, A. C., Chief Engiveer, U.S. N U.S. S. Mohi 


Farmer, Edward, Chief Engineer, U.S. Navy Yard, Boston, Mass. 
Ferguson, Geo. R., Mechanical Engineer, New York and Brooklyn Bridge, 
Residence, 26 South Grove street, East Orange, N. J. 


Fisher, Clark, Civil and Mechanical Engineer............ ....+ Trenton, N. J. 
Fitch, H. W., Chief Engi , U.S.N 1518 Ci icut avenue, Washington, D. C. 
Ford, Jno. D., Chief Engi U.S. N Maryland Mechanical and Agricultural College. 


Freeman, E. R., Passed Assistant Engineer, U.S. S. Mew York, 


Gage, Howard, Passed Assistant Engineer, U. S. N U.S. S. Albatross. 
Gow, J. L., Passed Assistant Engineer, U.S. N......... Naval Academy, Annapolis, Md. 
Greene, A S., Chief Engineer, U.S. Lhe Eckington, Washington, D. C, 
Greene, Levi R., coer cece Colonial Club, Cambridge, Mass. 
Greene, D. M., Consulting Engi 41 First street, Troy, N. Y. 


Griffin, R. S., Passed Assistant Bagineez, U. S.N., 


Bureau Steam Sutien, Navy Department, Washington, D. C. 
Gsantner, O. C., First Assistant Examiner, U. S, Patent Office; 
Residence, 1708 New Jersey avenue, N. W., Washington, D. C, 


Habighurst, C. J., Chief Engineer, U.S. N........- U.S. S. Essex. 


Ball, Goo. 115 Broadway, New York. 
Hall, H., Passed Assi Engi ,U.S.N Care Cramp & Sons, Philadelphia, Pa. 
Hall, R. T., Passed Assistant Engineer, U.S. N Navy Yard, New York, 
Halstead, A. S., Assistant Engineer, U. S. N. U.S. S. Bennington, 
Hannum, J L., Chief Engineer, U. S. N.......0+0000 . S. Vermont, Navy Yard, New York. 


Harris, Wm. H., Chief Engineer, U. S. N.........U. . Wabash, Navy Yard, Boston. Mass, 
Hartrath, Armin, Assistant Engineer, U.S. S. Baltimore. 
Hasson, W. F. C., Consulting Electrical Engineer, 

Chief Electrical Engineer California Midwinter International Exposition, San Francisco, Cal, 


Hayes, Charles H., Assistant Engineer, U. S. N..........00 Care Cramp & Sons, Philadelphia, Pa. 
Heaton, W. W.,, Chief Engineer, U.S. U.S.S. Newark, 
Henderson, Al der, Chief Engi Wh Continental Iron Works, Brooklyn, N. Y. 
Herbert, W. C., Assistant Engineer, U.S. N... Coast Survey Str. Hassler. 
Herwig, H., Passed Assistant Engineer, U. S. N U.S. S. Fern, 


Hibbs, F. W., Assistant Naval Constructor, U.S. N., 

Bureau Construction and Repair, Navy Department, 
Hichborn, Philip, Chief Constructor, U. S. N Navy Department, 
Higgins, R. B., Assistant Engineer, U. S. N...... Rockville, Md. 
Hine, R. B., Chief Engineer, U. S. N Care Navy Department. 
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Hogan, Thomas Mechanical Box 9s0, Pittsburgh, Pa. 
Hollis, Ira N., Prof of Engi ing, Harvard University Cambridge, Mass. 
Holmes, U. T., Assistant Engineer, U.S. N...... S. S. Philadelphia. 
Howell, C. P., Chief Engineer, U.S Navy Yard, New York. 


Hunt, A. M., Passed Assistant Engineer, U.S. N., 
Chief of Mechanical Department, California Midwinter Exposition, San Francisco, Cal. 


Inch, Richard, Chief Engineer, U. S. S. S. Marion, 
Inch, Philip, Chief Engineer, U. S. N....... Navy Yard, Washington, D. C. 


Johnson, George R., Chief Engineer, U. S. N.............. +++0ee1233 N. H. Ave., Washington, D. C. 
Jones, David P., Chief Engineer, U.S. N ....Redfield, Bourbon County, Kan. 
Jones, Horace W., Assistant Engineer, U.S. N.........++ ieasnaiadenel Naval Academy, Annapolis, Md. 


Jones, Owen 68 Great Russell Street, London, W. C., England. 


Kaemmerling, Gustav, Passed Assistant Engineer, U. S. N............... Care Navy Department, 
Kafer, John C., Passed Assistant Engineer, U.S. N., 247 Fifth Avenue, New York, 
Superintendent and Secretary of the Morgan Iron Works, New York City. 
Kearney, George H., Chief Engineer, U. S., U.S. S. Marblehead. 
Keilholtz, Pierre O., Secretary and Superintendent, U. S. Electric Power and Light Co., 
Baltimore, Md. 
King, C. A. E., Passed Assistant Engineer, N.......... U.S. S. Newark. 
King, W. R., Passed Assistant Engineer, U. S. N., Army and Navy Club.......Washington, D.C. 
Kinkaid, T. W., Passed Assistant Engineer, U. S. N., 
Pennsylvania State College, Centre County, Pa. 
Kirby, Absalom, Chief Engineer, U.S. S. S. Texas, Navy Yard, Norfolk. 
Koester, O. W., Assistant Engineer, U.S. N Navy Yard, New York. 
Kutz, George F., Chief Engineer, U.S. Navy Yard, Mare Island, Cal, 


Laws, E., Chief Engineer, U.S. N.........++ U.S. R. S. Franklin, Norfolk, Va, 
Leavitt, E. D., Mechanical Engineer.........000sscsecceeserees 2 Central Square, Cambridgeport, Mass. 
Leitch, R. R., Passed Assistant Engineer, U.S. N...........ccccscccosseoees cesses Navy Yard, New York. 
Leonard, J. C , Assistant Engineer, U.S. N....... .-Homestead Works, Munhall, Pa. 
Leonard, S. H., Passed Assistant Engineer, U.S. S. Charleston. 
Leopold, H. G., Assistant Engineer, U. S. N......-.e00008 -Coast Survey Steamer Patterson, 
Little, W. N., Passed Assistant Engineer, U.S. U.S. S. Philadelphia. 
Lloyd, John, 558 Water New York. 
Lowe, John, Chief Engineer, U. S. N...... U.S.S. New York. 


Maccarty, G. M. L., Chief Engineer, U. S. N., Standard Steel Casting Co............. Thurlow, Pa. 
McAllister, Andrew, Assistant Engineer, U, S. N.........-20.00++00+-Coast Survey Steamer Bache. 
McAlpine, Kenneth, Passed Assistant Engineer, U.S. N.......00.0000 Coast Survey Steamer Blake. 
McCartney, D. P., Chief Engineer, U.S. N............... 1704 19th street N. W., Washington, D. C. 
McCutcheon, J. F. 2206 N. tsth street, Philadelphia, Pa. 
McElmell, Jackson, Chief Engi & 
President Board of Examiners, P. O. Building, Philadelphia, Pa. 
McElmell, Th A., Manager Philadelphia Branch N.Y. Lubricating Oil Co., 
1931 Spring Garden street, Philadelphia, Pa. 
McElroy, G. W., Passed Assistant Engineer, U.S. N., 
Bureau Steam Engineering, Navy Department. 
McFarland, W. M., Passed Assistant Engineer, U. S. N., 
Bureau Steam Engineering, Navy Department. 
McKean, Fred. G., Chief Engineer, U. S. N. (retired)...1345 L street N. W., Washington, D. C. 
McKean, J. S., Assistant Engi ,U.8.N. Navy Yard, Portsmouth, N. H. 
McNary, I. R., Chief Engineer, U.S. N Navy Yard, Mare Island, Cal. 


Macomb, D. B., Chief Engineer, U. S. N. (retired), 


28 Arlington street, North Cambridge, Mass. 
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Magee, E. A., Chief Engineer, U. S. N........ ; U.S.S. Adams. 
Magee, Geo. W., Chief Engineer, U.S. N. (retired).............137 Marcy avenue, Brooklyn, N. Y. 
Main, Herschel, Chief Engineer, U.S. N., 
Newport News S. B. and D. D. Co., Newport News, Va. 
Manning, Chas. H., Passed Assistant Engineer U. S. N. (retired), 
Amoskeag Manufacturing Co., Manchester, N. H. 


Mathews, C. H , Passed Assistant Engineer, U. S. N U.S.5. New York. 
Mattice, A. M , Mechanical Engineer, with E. D, Leavitt, 2 Central Square, Cambridgeport, Mass. 
Mickley, J. P., Passed Assistant Engineer, U. S. N...se.sese seereeees Care Navy Department. 
Milligan, R. W., Chief Engineer, U.S. Annapolis, Md. 
Moore, Jno. W., Chief Engineer, U.S. Nu.ssssseesseerssereees Union Iron Works, San Francisco, Cal. 
Moore, William S., Chief Engineer, U.S. N Care Navy Department. 
Morgan, Leo, Mechanical Engincer.........-.-+0+0«- 819 19th street, San Francisco, Cal. 
Moritz, Albert, Assistant Engineer, U.S. U.S. S. Yorktown. 


Morley, A. W., Chief Engineer, U. S. N., Inspector Machinery U.S. S. Maine, 
Quintard Iron Works, New York. 


Nauman, Wm. H., Passed Assistant Engineer, U. S. N............ Navy Yard, Portsmouth, N. H. 
Nones, Henry B., Chief Engi ,U.S.N 1107 Franklin street, Wilmington, Del, 
Norton, H. P., Passed Assistant Engineer, U.S. N.....ssscececssrcsssssseeecereesenenenes U.S. S. Concord. 


Ogden, J. S., Chief Engineer, U.S. N., 
Assistant Superintendent, State, War and Navy Department Building, Washington, D. C. 
Offiey, C. N., Assistant Engineer, U. S. N U.S. S. Chicago. 


Parks, W. M., Passed Assi Engi ,U.S.N «eeeNavy Yard, Norfolk. 
Patton, J. B., Assistant Engineer, U. S. N.......... seeeeesU. S. S. Concord. 
Pemberton, John, Passed Assistant Engineer, U. S. N. (retired). .State College, Center Co., Pa. 
Perry, J. H., Passed Assistant Engineer, U.S. N., 

Bureau of Steam Engineering, Navy Department. 


Potts, Stacy, Passed Assistant Engineer, U.S. N......... 1431 R street, N. W. Washington, D. C. 
Pickrell, J. M , Passed Assi Engi ,U.S.N U.S. S. Yorktown. 
Powers W. A., Superintendent Steam Boiler Inspection.............4.:+--seseer-eeeeeeees Brooklyn, N.Y. 
Price, C. B., Assistant Engineer, U.S. S. San Francisco. 


Price, H. B., Naval Cadet, U.S. U.S. S. Baltimore. 


Rae, Charies Whiteside, Chief Engineer, U. S. N 


Ransom, G. B., Passed Assistant Engineer, U.S. N.......... Care Navy Department. 
Rearick, P. A., Chief Engineer, U. S. N......... 009 seeseee Steel Inspection Board, Navy Department. 
Redgrave, DeW. C., Assistant Engineer, U. S. N U.S. S. Montgomery. 
Reeves, I. S. K., Passed Assistant Engineer, U. S. N., 1758 S street, N. W., Washington, D. C. 
Reid, R. I., Passed Assistant Engineer, U. S. Erie, Pa, 
Rhoades, Henry Eckford, Engineer Corps, U. S. N....-..++.0000+ sseeeeeeeMount Vernon, New York. 


Roberts, E. E., President The Roberts Safety Water Tube Boiler Co., 
18 Cortlandt street, New York. 
Robie, Edward D., Chief Engineer, U. S. N.......0002...1331 21st street, N. W., Washington, D. C. 
Robison, John K., Assistant Engineer, U.S. N..... 0000000 Ecole du Genie Maritime, Paris, France. 
Robinson, L. W., Chief Engineer, U.S. N., 
Chief of Machinery Department, World’s Columbian Exposition. 


Roche, G. W., Chief Engineer, U.S. N U.S. S. Detroit. 
Roelker, C. R., Chief Engineer, U.S. N............ Navy Yard, Norfolk, Va. 
Romimell, C. E., Assistant Engineer, U. S. N U.S. S. Rich d. 
Ross, H. Schuyler, Chief Engineer, U. S. N......+000 Navy Yard, New York. 
Rowbotham, William, Passed Assistant Engineer, U. S. N....... ss+eeCare of Navy Department. 


Salisbury, G. R., Passed Assistant Engineer, U.S. N............ U.S. S. Enterprise, Boston, Mass. 
Sampson, B. C., Passed Assistant Engineer, U. S. N U.S. S. Pinta. 
Schell, F. J., Passed Assistant Engineer, U. S, N Naval Academy, Annapolis, Md. 
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Scribner, E. H., Passed Assistant Engineer, U. S. N.......s00-se00+-+2:+eeeNavy Yard, Boston, Mass. 
Selden, W. C., Superintending Engineer Clyde Line Steamers Pier 29 East River, New York, 
Shepard, George H., Assistant Engineer, U. S. N U.S. S. Columbi 
Sims, Gardiner C., General Manager Armington & Sims Engine Co................. Providence, R. I. 
Sloane, J. D., Assistant Engineer, U. S. N. (retired), 

Supervising Inspector Steam Vessels, St. Paul, Minn. 
Smith, David, Chief Engineer, U.S. U.S. S. Philadelphia. 
Smith, J. A. B., Chief Engineer, U. S. N U.S. S. Montgomery. 
Smith, S. L., Superintendent Roxbury Carpet Co.. .+-37 Simmons street, Boston, Mass. 
Smith, W. S., Chief Engineer, U. S. N U.S. S. Lancaster. 
Smith, W. Strother, Passed Assistant Engineer, U. S. N 
Smith, W_ Stuart, Assistant Engineer, U. S. N. (retired)...............No. 200, Yokohama, Japan. 
Spangler, Henry W., Prof. Mechanical Engineering, University of Pennsylvania, Philadelphia. 
Stevenson, H. N., Chief Engineer, U.S. N.... U.S.S. Aliiance. 
Stickney, H. O., Assistant Engineer, U. S. N «U.S. S. Miantonomoh. 
Strickland, Geo. D., Passed Assistant Engineer, U.S. N........ pisdeianadandieddmdasenia U.S.S. Ranger. 


Tawresey, John G., Assistant Naval Constructor, U.S. N.......CCramp’s Ship Yard, Philadelphia. 
Taylor, D. W., Naval Constructor, U.S. N Navy Yard, Mare Island, Cal. 
Taylor, R. D., Passed Assistant Engineer, U.S. N....4....-. 3212 Haverford Avenue, Philadelphia. 
Theiss, Emil, Assistant Engineer, U, S. «U.S. S. Monterey. 
Thomson, James W., Chief Engineer, U.S. N ... ‘Sense Camden, J. 
Tobin, J. A., Engineer Corps, U.S. N. (retired) . «P. O. Box 3275, New York City. 
Tower, George E., Chief Engineer, U.S. N aieabnawsetves Navy Yard, New York- 
Towne, N. P., Chief Engineer, U. S. N Care Cramp & Sons, Philadelphia. 
Trilley Joseph, Chief Engineer, U.S. N.. 9. S. Monterey. 


VanBuren, J. D., Civil Engineer Newburgh, N. Y. 
Varney, W. H., Naval Constructor, U.S. N...........-...... Columbian Iron Works, Baltimore, Md. 
Voorhees, P. R., Counsellor-at-Law 32 Nassau Street, New York. 


Warburton, Edgar T., Passed Assistant Engineer, U. S. N., 4412 Chestnut Street, Philadelphia. 
Warren, B. H., Assistant Engineer, U. S. N. (retired), 
Manager Crane Department, Yale & Towne Mfg. Co., Stamford, Conn. 
Watt, R. M., Assistant Naval Constructor, U.S. N ........ eeocmnieel Cramp’s Ship Yard, Philadelphia. 
Weaver, W. D., Electrical Engineer... West 31st street, New York City. 
Webster, H., Chief Engineer, U. S. N.. = vies Steam — Navy Department. 
Wharton, B. B. H., Chief Engineer, U. S. N.... eaatsconeucatiiala ...Navy Yard, New York. 
White, W. W.., Passed Assistant Engineer, U. Ss. N. 
Bureau Steam Engineering, Navy Department. 
Whitaker, E. J., Chief Engineer, U. S. N... caienione --149 Green avenue, Brooklyn, N. Y. 
Williamson, John D....Williamson Bros., Sestiens. "York pes Richmond streets, Philadelphia. 
Williamson, Thom, Chief Engineer, U.S. N., 
Superintendent State, War ona Navy Department Building, Washington, D. C. 
Willits, A. B., Passed Assistant Engineer, U.S. N.........-......Cramp’s Ship Yard, Philadelphia, 
Willits, Geo. S., Passed Assistant Engineer, U.S. N ....... U.S. S. Monterey. 
Wilson, F. A., Chief Engineer, U. S. N Navy Yard, New York. 
Windsor, W. A., Chief Engineer, U. S. N., Inspector Machinery of the Ericsson, 
Dubuque, Iowa. 
Winchell, Ward P., Assistant Engineer, U.S. eee Yard, Norfolk, Va. 
Wood, B. F., Chief Engineer, U. S. N. (retired)...... «0.0.00 34 West 66th street, New York City. 
Wood, Jos. L., Assistant Engineer, U. S. N. (retired)........ Ivy Depot, C. & O. Railway, Virginia. 
Woodward, J. J., Naval Constructor, U. S. N., 
Newport News S. B. & D. D. Co., Newport News, Va. 
Worthington, W. F., Passed Assistant Engineer, U. S. N. Naval A d y, Annapolis, Md. 
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Zane, A. V., Passed Assistant Engineer, U. S. N.............Naval Observatory, Washington, D. Cc, 
Zeller, Theo., Chief Engineer, U. S. N., with relative rank of Commodore, 
15 West 12th street, New York. 


ASSOCIATES. 


Aborn, George Pennell, Assistant Constructing Engineer, 
Knowles Steam Pump Works, Warren, Mass. 
Angstrom, Arendt, Superintending Engineer, Cleveland Shipbuilding Co.......... ++++-Cleveland, O. 


Babcock, W. I., Manager Chicago Shipbuilding Co...... South Chicago, Ill. 
Bailey, Charles F., Chief Draughtsman, Machinery Department, 
Newport News Shipbuilding and Dry Dock Co., Newport News, Va. 


Bailey, W. H., Agent American Tube Works...........:ccccssseessenseeeeeraneee 20 Gold Street, New York. 
Barrows, H. C., First Assistant Engineer, U. S. R. M........ s000 Steamer Washington, New York. 
Bartlett, George B., Mechanical Engineer, Illinois Steel Co........... South Chicago, 
Beavor-Webb, J., Naval Architect and Engi 45 Broadway, New York. 
Belcher, A. W., Superintendent Repair Shops, Cornell Steamboat Co....... ....s00008 Rondout, N. Y. 


Biles, J. Harvard Professor Naval Architecture, University of Glasgow........ Glasgow, Scotland. 

Bissell, G. W., Professor of Mechanical Engineering, lowa Agricultural College........ Ames, Iowa. 

Blauvelt, Albert, Electrician, American Cotton Oil Co.......:cccccsseeeseeeee 29 Broadway, New York. 

Blomberg, C. A., Marine Engineer, Wm. Cramp & Sons’ S. & E. B. Co.............--. Philadelphia. 

Bolten, A., Owner Zeise’s Patent Propeller for United States, 

850 Market Street, San Francisco, Cal. 
Stamford, Conn. 


Bonneville, A. A. de, Representing the Yale & Towne Co 


Calder, C. B., Superintending Engineer of the Mutual and Menominee Transit Co.’s Steamers, 
614 Perry-Payne Building, Cleveland, Ohio. 


Coleman, Edward P., Huber Printing Press Co...........++++- Taunton, Mass, 
Coryell, Miers, Consulting Engineer 21 East 21st street, New York. 
Cox, Irving, Naval Architect...... «eI Broadway, New York. 
Cramp, Benjamin H., Brass York out streets, Philade!phia. 


Cramp, Courtland D., Brass Founder... ... York and Thompson streets, Philadelphia. 
Cramp, Edwin S., Superintending Engineer, Wm. Cramp & Sons’ S. &. E. B. Co., Philade!phia. 
Cust, Leopold, Engineer 99 Onslow Square, London, $. W., England. 


Dallett, W. P., Sales Agent for the Deane Steam Pump Co....... 49 North 7th street, Philadelphia. 
Davidson, Marshall T., Mechanical and Hydraulic Engineer, 
43 to 53 Keap street, Brooklyn, N. Y, 
Davis, Leonard D., Davis-Farrar Co., Builders of Marine Engines, Boilers and Steam Yachts, 
Erie, Pa. 
DeRycke, Joseph, Mechanical Engineer........cersesssssesersnesreeerereessees 145 Broadway, New York. 
Dickinson, Randall T., Marine Architect and Constructor to John Roach & Son, 
Delaware River Ship Works, Chester, Pa. 
Dorry, J. E., Second Assistant Engineer, U. S. R. M....c0ceseeseees Steamer Bou/wel/, Savannah, Ga. 
Dow, George E., Proprietor Dow Steam Pump Works..... ... 114 Beale street, San Francisco, Cal. 
DuBosque, F. L., Assistant Engineer, Floating Equipment, Pennsylvania Railroad, 
Jersey City, N. J. 
g Grove Park Terrace, Chiswick, W., London, England. 


Dunell, George R., Marine Engineer..... 


Elgar, Francis, LL.D., Naval Architect..........:0++ 113 Cannon street, London, E. C., England. 
Elliott, W: E., Chief Engineer Goodrich Transit Chicago, Tl. 
Everest, Charles M., Vice President Vacuum Oil Company coseoe Roch gS 8 


Fehrenbatch, John, Supervising Inspector Steam Vessels Seventh District........Cincinnati, Ohio. 
Feld, C. J , Consulting Engineer and Liberty street, New York. 
Fletcher, Andrew, Jr., Member of W. & A. Fletcher Co Hoboken, N. J. 
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Fletcher, Wm. H., Chief Draughtsman, Member of W. & A. Fletcher Co.......... Hoboken, N. J. 
Foran, George J., with The Geo. F. Blake Manufacturing Co................... East Cambridge, Mass. 
Forsyth, Robert, Chief Engineer of the Union Iron Works...........ccssseeceeseeees San Francisco, Cal. 
Frear, Hugo P., Naval Architect.........ssccccsssccsoees+ .Union Iron Works, San Francisco, Cal. 
French, D. McC., First Assistant U. Ss. R. «Steamer Penrose, Pensacola, Fla. 
Frerichs, J. A., Marine Engineer... ................00+ with Secu & Anderson, Erith, Kent, England. 
Gilbert, F. L., Civil Engineer.................000 Secretary F. W. Wheeler & Co., Bay City, Michigan. 


Gray, Evan M., Engine Draughtsman, Fairfield Shipbuilding and Engineering Co., Govan, 
46 Princes street, Pollokshields, Glasgow, Scotland. 
Greene, Isaac C., Greene & Co., Engineers and Brass Founders, 309 Girard Ave., Baltimore, Md. 
Griffith, Edwin, Leading Draughtsman, Fairfield Engine Works, Govan; 
Residence 2 Glenavon Ter., Partick, Glasgow, Scotland. 
Gundersen, A., Chief Draughtsman for John N. Robins, Erie Basin Dry Docks, Brooklyn, N. Y. 
Guy, Albert E........ Bureau Steam Engineering, Navy Department. 


Hall, Bicknell, Consulting Engineer, Wainwright Manufacturing Co. of Massachusetts, 
Taunton, Mass, 
Hall, Geo. D., Jr., General Manager Wainwright Manufacturing Co. of Massachusetts, 
8 Oliver street, Boston, Mass. 
Hanscom, I. C., Naval Architect and Yacht Designer...............- 51 Summer street, Boston, Mass. 
Henderson, A. P., Draughtsman, Construction Department Norfolk Navy Yard, 
28 Dartmouth street, Norfolk. 


Hedden, E. F., Chief Engineer, U.S. R. M.... Savannah, Georgia. 
Henning, Gus. C., Consulting Engineer..............00+se00+ euscneaenesatcee Temple Court, New York City. 
Henthorn, John T Remington & Henthorn, Engineers, Providence, R. I. 
Hoffmire, John D., Ship and Steamboat Joiner............:cscceeseseseee seeeees808 5th street, New. York. 


Howell, William Neill, Mechanical Engineer, 
Wm. Cramp & Sons’ S. and E. B. Co., Philadelphia. 


Hunsiker, Millard, Assistant to Chairman, Carnegie Steel Co., Limited... Pittsburgh, Pa, 
Hyde, Charles E., Marine Engineer, Bath Iron Works........... Bath, Maine. 
Hyde, John S., Superintendent Engineering Department, Bath Iron Works.............. Bath, Maine, 


Janson, Ernest M., Mechanical Engineer and Draughtsman, 
Bureau Steam Engineering, Navy Department. 
Jefleris, J. B., Chief Engineer, U.S. R. Steamer Woodbury, Rockland, Me. 
Jordan, S. S., Draughtsman, Chicago Shipbuilding Co., 
1orst street and Calumet river, Chicago, III. 


Katzenstein, L., Manufacturer of Metallic Packing and 
General Machinists’ and Engineers’ Supplies, 357 West street, New York. 


Kelley, D. F., Chief Engineer, U.S. R. M..........csesscosescesees Care Reeder & Sons, Baltimore, Md. 
Keough, William Atlantic Works, East Boston, Mass. 


Kerlin, J. M. Sharpless, Mechanical area 
Cowles Engineering Co., foot 44th street, Brooklyn, N. Y. 


Kersey, H. Maitland, Agent White Star Line..................seeeeeseeees 29 Broadway, New York City. 
King, Frank B., Superintendent Marine Department, Maryland Steel Co....Sparrow’s Point, Md. 
Kirby, Frank E., Marine Detroit, Mich, 


Kunstadter, Jacob Joachim, Mechanical Engineer and Inventor of 
Kunstadter’s Screw Steering and Propelling Device, 45 and 47 Exchange Place, New York. 


Laval, George de, Superintending and Constructing Engineer, 
Knowles Steam Pump Works, Warren, Mass. 
Lincoln, J. M., Assistant Superintending Engineer, Clyde Steamship Co., 
Pier 29, East River, New York. 
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Livingstone, W. A., Marine Engineer............00+..s:s++++eee0e12 Woodward avenue, Detroit, Mich. 
Loring, Harrison, Jr., City Point Works.........see-sssesceeseseeeeeeenereeeesseeeeesenees South Boston, Mass. 


Lundborg, C. G., Naval Architect........00.::2+8 «+see+e1600 16th street, N. W., Washington, D. C. 


Macalpine, John H... 646 Champlain avenue, Detroit, Mich. 
McAllaster, Eugene Detroit Detroit, Mich. 
McAllister, Charles A., 2d Assistant Engineer, U. S. R. M., 
Revenue Marine Division, Treasury Department, Washington, D. C. 
McDermott, Geo. R., Naval Architect, 
Assistant Professor of Naval Architecture, Cornell University, Ithaca, N. Y. 


McMakin, Joseph, Civil and Mechanical Engineer... 1601 McCulloh street, Baltimore, Md. 
Mahon, Wm. L'E., Mechanical Engineer........0...ccccesssessseccorese-eoccerosceccecses West Superior, Wis. 
Maschmayer, A. M. P. M...........-0 Bureau Steam Rugianeing, Navy Department. 
Mason, Thos., Mechanical Seahane. cmpeni 645 West Harrison street, Chicago, IIl. 


Matsuda, S., Imperial Japanese Navy.. .---Naval Department, Tokio, Japan. 
Mellin, Carl J., Chief Dravughtsman Richmond Locomotive and Machine Works, 
Residence, 806 E. Leigh street, Richmond, Va. 
Merritt, Jas H., Marine Engineer............sscceceeserssesecenrsoneseses 7o Winter street, Portland, Maine, 
Miller, Walter, Mechanical Engineer, 
Globe Iron Works Co., Spruce and Centre streets, Cleveland, Ohio. 


Mooney, Thomas, Enginecr.............. Morgan Iron Works, gth street and East River, New York. 
Mosher, Charles D., Naval Architect and Marine Engineer................00 1 Broadway, New York. 


Nystedt, Thure, Naval Constructor, Royal Swedish Navy, 
Ingeniér Department, Carlskrona, Sweden. 


Palmer, Nicholas F., President Quintard Iron Works.......r2th street and Avenue D, New York. 
Pankhurst, John F., General Manager The Globe Iron Works Co..sece-eeseseee seers Cleveland, Ohio. 
Park, Eugene H., Draughtsman and Engineer, Southern Pacific R. R. & S. S. Co., 

Algiers (New Orleans), La 
Parsons, H. DeB., Consulting Engineer. .22 William street, New York. 
Pearson, F. S., Chief Engineer Dominion Coal Co., Limited. ..g0 Milk street, Boston, Mass. 
Pray, Thomas, Jr , Consulting Engineer.......00-..sssesereereere -P. O. Box 2728, Boston, Mass. 
Pusey, Chas. W., President, The Pusey & Jones Co. . Wilmington, Del. 


Quintard, Geo W., Quintard Iron 12th street and Avenue D, New York. 


Raynal, Alfred H., Mechanical Engineer.............0<+sese:seeeee 427 Madison avenue, Elizabeth, N. J. 
Rhodes, W B., General Manager, Pennsylvania Tube Works...165 First avenue, Pittsburgh, Pa. 
Robinson, Edward P., Superintendent The Atlantic Works, 
70 Border street, East Boston, Mass. 
Rowland, Jonathan, Vice-President, Morris, Tasker & Co., 
224 South Third Street, Philadelphia, Pa. 
Row and, Thomas F., Jr., Secretary and Treasurer, The Continental Iron Works, Brooklyn, N. Y. 
Rousseau, Daniel, Proprietor Rousseau’s Electrical Works............ 310 Mott Avenue, New York, 
Rozycki, L. O. Stephen, D: h , Bureau of Steam Engineering......... . Navy Department. 


Sanderson, R. P. C., Superintendent Motive Power, West General Division, 

Norfolk and Western Railroad, Roanoke, Va. 
Schwartz, E. G., First Assistant Engineer, U. S. R. M.......... snhonds< ceqneghbedesersensces Steamer Bear. 
Scott, Irving M., Vice-President and General Manager, Unicn Iron Works...San Francisco, Cal. 
Scout, Morris C , Chief Engineer, S. S. Caracas, Red D Line, 483 Lexington avenue, Brooklyn. 
See, Horace, Marine Engineer and Naval Architect.......c00:sseessecsssseseeeees 1 Broadway, New York. 
Seabury, Charles Nyack-on-Hudson, N. Y. 
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Severns, J. A., Chief Engineer, U.S. R. M St Joh , Milwaukee, Wis- 
Shaw, T. Jackson, Superintending Engineer, Harlan & Hollingsworth Co.. --««Wilmington, Del. 


Sillen, H. F., Chief Draughtsman, Géteborg’s Mek. Verkstad ...GBteborg, Sweden. 
Smith, Charles R The Hermitage, Pollokshields, Glasgow. 
Slayton, H. O., 2d Assistant Engineer U. S. R. M. Steamer Perry. 
Sowter, J. G., Mechanical Engineer 867 East Congress street, Detroit, Mich. 


Spiers, James, President and Manager Fulton Engineering and Shipbuilding Works, 
San Francisco, Cal. 


Steele, David, Inspecting Engineer and Marine Surveyor, 
Kendall Building, Whitehall street, New York. 


Steers, Henry, Naval Architect Eleventh Ward Bank, New York. 
Stevens, W. P., Yachting Editor of “ Forest and Stream ”’......... cesses 318 Broadway, New York. 
Stevens, E. A., President Hoboken Ferry Co I. J. 


Stuart, Sinclair, Surveyor to the U. S. Standard Register of Shipping, 
Post Building, 16 Exchange Place, New York. 

Sylven, Walfrid, Superintending Engineer Marine Construction, U. S. Light House Service, 

231 Union street, Brooklyn, N. Y. 


Tabor, Harris, Superintendent Tabor Manufacturing Co., 

Front and Franklin streets, Elizabeth, N. J.; residence, 21 Elm street, Elizabeth, N. J. 

Taylor, Cephas The Linden Steel Co., Pittsburgh, Pa. 
Taylor, Stevenson, Vice-President and General Superintendent W. & A. Fletcher Co., 

Hudson, rath to 14th streets, Hoboken, N. J. 

Tucker, Edwin W., Mechanical Engineer............:2-s0++-++0918 Page street, San Francisco, Cal. 


Varney, William W., Mechanical Engineer and Attorney-at-Law, 

1oor Harlem avenue, Baltimore, Md. 
Vallat, Eugene, Chief Engineer, U. S. R. M......scccccccceeeseeeee 179 Beaufait avenue, Detroit, Mich. 
Volz, Wm. E., General Manager Standard Condenser Co.........00+..seee008 15 State street, New York. 
Voss, Ernest, Marine Engineer, Blohm & Voss, Shipbuilders and Engineers, Hamburg, Germany. 


Wadagaki, Yasuzo, Mechanical Engineer.......... Imperial Dockyard, Yokosuka, Japan. 
Ward, Charles, Engineer and Contractor, Manufacturer Ward Boiler, 
Charleston, Kanawha County, W. Va. 


Warrington, James N.. Park avenue, Chicago, Ill. 
Waschmann, Wm, Sevens: Steam Navy Department. 
Waterhouse, Wm. E., Naval Architect...........sccssssssesecesseceeeee seee0e50 State street, Boston, Mass. 


Wheeler, F. Meriam, The George F. Blake Manufacturing Co., 

95 and 97 Liberty street, New York. 
Whiting, S. B., General Manager Calumet and Hecla Mining Co....s....scoees Calumet, L. S., Mich. 
Williams, S. David Fenton, 13 Rutland Place, Govan, Glasgow, Scotland. 


Yarrow, A. F., Naval Architect and Mechanical Engineer............. Isle of Dogs, Poplar, London. 
Younger, James, Draughtsman, The Wm. Cramp & Sons’ S. & E. B. Co,...+0.. Philadelphia, Pa. 


EXCHANGES. 


American Engineer and Railroad Journal.................+. ocescestoscecesen 47 Cedar street, New York. 
168 Fulton street, New York. 
7 Coenties Slip, New York. 
American Society of Mechanical Engineer «12 West 31st street, New York. 
Army and Navy National Theater Building, Washington, D.C. 


Canadian Military Gazette.............:cccsssssssessereeeesenseesecees «+eP. O. Box 387, Montreal, Canada. 
Cassier’s Potter Building, New York- 
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Engineer 3S Bedford street, Strand, London, England. 
Engineer (The) 150 Nassau street, New York. 
Engineering Magazine............- a nintebehiodeemnenselentegninpntnioned No. 47, Times Building, New York 


Institution of Civil Engineers....25 Great George street, Westminster, London, S. W., England. 


Journal of the United States Fort Monroe, Va, 


Marine Journal see 32 Nassau street, New York. 


144 Superior street, Cleveland, Ohio. 
«516 Perry-Payne Building, Cleveland, Ohio, 
Mechanics ”’ Walnut street, Philadelphia, Pa. 


Naval Academy, Annapolis, Md. 
North East Coast Institution of Engineers and Shipbuilders, 
Newcastle-upon-‘l'yne, England. 


World Building, New York. 


19 Barclay street, New York, 
Stevens Indlcator....... Stevens Institute, Hoboken, N, J. 


.-1510 Chestnut street, Philadelphia, Pa. 


Zeitschrift des Verines Deutscher 80 Wilhelmstrasse, Berlin, 


SUBSCRIBERS. 


Army and Navy Club Washington, D. C. 


+eCare B, F. Stevens, 4 Trafalgar square, London, England. 


Baltimore Polytechnic Baltimore, Md. 


Navy Department. 
Navy Department. 
Navy Department. 


Bureau Construction and Repair Library 
Bureau of Equipment 
Bureau Steam Engineering Library 


Cornell University Library N, Y, 
Custance, R. N., Captain Royal British ‘Woshingten, 


Department of Mechanical State College, Pa, 
Department Steam Engineering. .........0-sss1cseseeseeseerseseeeeeeee Naval Academy, Annapolis, Md. 


Ecole du Genie Maritime, le Directeur de |’ . Paris, France. 
Edison Illuminating Co....... and Elm street, New York. 


Gas Engine and Power Co.......csccccsssssseseeeessenenseeseeseneseeees Morris Heights Station, New York. 


Hanford, Franklin, Li Cc Yard, New York. 
Heese, Albrecht, Captain, Royal Prussian Army..............1435 Mass. avenue, Washington, D. C. 
Hibbard, Thos., Treasurer, George Lawley & Son seseeeeee0uth Boston, Mass. 
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Hilinois Steel Co. South Chicago, IIIf. 


Kendall, Séw., & on Charles River Iron Works 72 Main street, Cambridgeport, Mass. 
Kthl, W.H., ksell 73 Jaeger street, Berlin, W., Germany. 


Lawrence Scientific School, Harvard University Cambridge, Mass. 


Manning, Maxwell & Moore 111 Liberty street, New York, 
Manufacturers’ Advertising Bureau and Press Agency........111 Liberty street, New York. 


Naval Lyceum — Yard, Mare Island, Cal. 
Navy Department Library ...Navy Department. 
Newport News Shipbuilding and Dry Dock Co. a sevens News, Va. 


Patent Office Library, England..... ..... ped ancoepesitesénevecesnuscned ut Building, London. 


Record of American and Foreign Shipping 
Revenue Marine Division Treasury Department. 


BW. BCO.... sere New York. 


Tappen, A. B........... Sherman Square Hotel, New York. 
University of Michigan Library Ann Arbor, Mich. 


Williams, J. A....... Box 40, Newport News, Va, 
Wintringham, H.C 168 Hicks street, Brooklyn, N. Y. 


? 


